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PREFACE. 



In launching this little treatise into the world I feel bound, 
with a consciousness of many shortcomings, to ask for 
forbearance, and generosity. 

I commenced and have continued my labours at the 
request of many friends, who have repeatedly assured me 
they had sought in vain for a practical work on the subject 
of surveying devoid alike of abstruse algebraical or 
trigonometrical calculations. 

A work of this kind, X a>m persuaded, is of as much value 
now as it would have been in the old Railway and Tithe 
commutation days. I feel confident it will be found useful 
to those seeking employment abroad, also to land agents, 
stewards, and the scholastic profession; and I trust that 
in some parts it may recommend itself to others. 

Excepting transcription from other works on simple 
stereotyped and indispensable matters, handed down from 
many generations, these pages are the issue of twenty-two 
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years' experience, in the first place as assistant to some 
of our country's best surveyors, and latterly on my own 
account. 

Acting precisely upon the following recommendations, I 
have had the honour of making many surveys which have 
passed the Inclosure Commissioners for England, and 
Wales as '^ first class." 

T. HOLLOWAY. 

Chippenham, Wilts. ; 
September, 1880. 
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CHAPTER I. 

The Man and his Outfit. 

Thb practice of laoid surveying consists in taking sncli 
measorements^ both angular and lineal^ as will enable a 
person to delineate accurately on a map or plan^ according 
to a truly horizontal scale^ the several boundaries of fields^ 
lands^ gardens^ rivers^ ponds^ woods^ roads^ bouses^ build- 
ings^ and the like^ together with anything that may be 
upon the surface of the ground within such boundaries. 
It further embodies the computation of the aT*ea of the 
property so surveyed. 

The principal essentials for a surveyor are, first, a good 
sound and hardy constitution — for a man who cannot walk 
twenty miles per day regularly in almost any weather or 
temperature, wHl never make a good and rapid surveyor; 
secondly, a suitable outfit in the way of clothes, boots^ 
&c. ; and thirdly, a supply of accurate and well-made 
field and office instruments. I will first treat of what I 
consider the best outfit for a really practical surveyor 
engaged* upon a survey some distance from home. The 
clothes should be of a close tough cloth, so that in going 
through hedges, underwood, briars, furze, and similar 
objects of a prickly nature, the body shall be weU pro- 

B 
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tected. The coat should be of the old-fashioned shooting 
coat pattern with large inside or hare pockets ; the trousers 
should fit loosely on the body, and closely below the knee. 
It is the custom of many surveyors to wear breeches and 
gaiters, but I have found from experience that they keep 
the calf of the leg too warm, and consequently produce a 
kind of lazy feeling before a man is actually tired : I 
therefore strongly recommend trousers on that account. 
Socks will be found preferable to stockings, because the 
latter require garters, which tend to prevent a proper 
circulation of the blood and produce varicose veins. The 
boots should be of porpoise hide, well made, of good fit, 
free from any cloth or soft lining — ^which is sure to pucker 
in case of wet and produce sore feet — broad at the tread 
and toes, and stout in the sole. The laced boot will be 
found the best, and I would here advise the surveyor to 
be particular to have eyelet holes instead of the now 
fashionable hooks, as the latter cut the bottoms of the 
trousers to pieces, and, by catching hold of stray brambles, 
&c., often cause the wearer ''to measure his length^' on 
the ground. A light mackintosh and leggings should be 
taken out, and, if the weather be uncertain, should always 
be carried in a sKng at the back of either the surveyor 
or his chainman. The clothes to be taken from home 
should never be less than two entire changes, and three 
pairs of boots are always necessary to ensure starting out 
in the morning with a dry pair. It might be an advantage 
to take a box of waterproof dressing for the boots. 

I will not here enumerate the field and office instru- 
ments, as every instrument hereafter named will be 
required. 

It may not be out of place to mention that, as the 
duties of a surveyor are highly important duties, par- 
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ticularly when lie is dealing with property of great value, 
the utmost care, nicety, and precision are indispensable. 
Let me once for all caution the surveyor to first well 
consider his scheme, and then carry it out in a pains- 
taking manner. Difficulties, I am bound to admit, often 
occur, but they can all be overcome by thought and steady 
continuous perseverauce. 

It is a good thing to have a kind of official roll call, 
enumerating the things to be taken out on a survey. I 
once recollect a surveyor and his two pupHs proceeding 
five miles from home, and afterwards discovering they 
had forgotten the chain ! 
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CHAPTER II, 

The Chain — Cautions to Bbginnbes — Best Figure for 

Chain Surveying. 

The land chain, the invention of the Rev. Edmund Gunter, 
is the surveyor's most complete and original instrument : 
not a word too much can be said in its fcivour. 

It contains 100 links, each link measuring 7*92 inches. 
Its length is therefore 4 rods, or 22 yards, or 66 feet. 

A mile is 80 chains in length. 

A furlong is 10 chains in length. 

A statute acre contains 10 square chains, or 4840 square 
yards, or 43,560 square feet, or 100,000 square links. 

The great feature in the chain is that it is decimally 
divided to two places : the first place being indicated 
by pieces of brass attached to it at intervals of ten links ; 
the second being formed by the Hnk itself. For instance, 
7 chains and 48 links would be 7*48 chains. This arrange- 
ment is alike convenient for entry in the field book, for 
the computations of areas, and for the conversion of links 
into yards and feet. 

To convert Hnks into yards it is simply necessary to 
multiply the links by the 22 yards contained in the chain 
and point off two places of decimals ; and to convert links 
into feet to multiply the hnks by the 66 feet contained 
in the chain and point off two places of decimals ; thus — 
50 links x 22 yards = 11 yards. 
50 links x 66 feet = 33 feet. 
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To convert yards and feet into links the foregoing opera- 
tions require reversing. 

The first thing to be done by a surveyor is to estabKsh 
close to his offices a standard chain's length from which to 
test the length of his chain and tape every morning before 
using them. I formed my standard on the kerb of a length 
of straight level paving by marking it with a fine chisel at 
every ten links. The chain will most likely stretch a httle 
every day it is in use — a new chain is certain to do so — 
therefore the necessity of a standard measure becomes 
obvious. If the stretch be only slight — say half an inch 
— it can be rectified with a hammer by closing every open 
joint in the rings between the links, or by tapping the ends 
of several of the straight parts of the links ; if, however, 
the stretch, as is frequently the case, be from one to two 
inches, it will be necessary to take out some of the rings in 
such a manner as to keep every division of ten links in its 
proper place on the standard. 

The tape becomes longer or shorter than its stated length * 
in proportion as it is used in wet or dry weather — ^an old 
and much-used tape being generally too long. I know of no 
method of adjusting a tape, and would be much obliged to 
any surveyor for a practical hint. Where measurements of 
valuable property in towns have to be given in feet and 
inches, it becomes necessary for the surveyor to use an 
accurately divided ten-feet rod, as neither chain nor tape is 
sufficiently correct. To guard against mischief or tarn- 
pering, I advise that the surveyor always keep the chain in 
his own possession. Some years ago, when engaged in 
surveying an estate in the Forest of Dean, known as 
the Abbot's Wood, and containing, as nearly as I can 
recollect, about 800 acres, I had the misfortune to have a 
link taken out of my chain in the middle of the day. 
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This occurred through my being incautious enough to 
leave it outside the door of a public house into which 
I had gone for refreshment — I should have taken it 
with me. 

These precaationary measures being engraven on the 
tablet of memory never to be erased, we will proceed to 
work. 

The best figure that it is possible to use in a survey 
made with the chain alone^ and the figure most approved 
by the Tithe and Inclosure Commissioners, is the triangle, 
with a tye-Hne measured from its apex to its base. The 
nearer the triangle approaches an equilateral triangle the 
better, because it avoids acute interior angles. The equi-. 
lateral figure gives you the choice of either side as a base, 
which it is an advantage to have, as it might, on account 
of obstructions (of which I shall hereafter treat), be 
difficult to measure a tye-Une from a given apex to a 
given base, whereas by changing the base the tye-line 
. might be measured easily ; it must, however, be borne in 
mind that the longest side of the triangle should always 
be the base-Hne. A practical surveyor wiU, whenever it 
is possible for him to do so, always set out his tye-Hne 
at a right angle to the base, and thus let it form a perpen- 
dicular; this, however, he cannot do until he has acquired 
the use of an angular instrument. 

A trapezium is another admittedly good figure for a 
survey, but, as it is simply two triangles having one 
common base, it would be as well to call it two triangles 
and thus adhere to the one figure. 

When the figure to be surveyed is long and not of any 
great width, as in a railway survey, the base line should 
ran as nearly as is practically convenient through the 
centre of the work^ and the survey be carried out upon 
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the principle of tye-lines and lines produced througli the 
bajse as in Fig. 1; bat for all fields estate^ parish^ aoid 




Fig. 1. 



inclosure surveys, the figure of the triangle must not be 
lost sight of. 



CHAPTER III. 

Boundaries. 

The boundary of a field inclosed by a hedge-and-ditch 
fence is the outer edge of the ditch ; but should the latter 
not be clearly defined, the boundary must be taken at five 
links from the stake of the hedge. A dead wood or iron 
fence must be taken to represent the exact boundary of the 
property, except in special cases. A wall always has an 
owner, and care must be taken to find to whom it belongs, 
or you may take your measurement on the wrong side of 
it. Generally speaking, the drip of a wall is fnym, the 
property to which it belongs. Common field lands are 
generally bounded by strips of pasture, or meres, or 
stones; meadows, by stones or posts. It will sometimes 
occur that neither a dead fence nor the edge of the ditch 
is the actual boundary of the property, many manors claim- 
ing a freebord of a certain number of feet beyond the 
fence ; it is therefore incumbent upon the surveyor to 
look after such things and make inquiries where the 
slightest doubt exists. Sometimes the centre of a brook 
or stream is the boundary, and sometimes the edge of 
either limits the property. Careful inquiry should always 
be made as to the exact ownership of the water and 
fishery rights in rivers. 

As a general rule, it may be taken that the fences of 
all railways and canals belong to the railway and canal 
oompanies. Railway companies are often owners of land 
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considerably without the limits of the live fence of the rail- 
way, on account of the original post-and-rail fence being 
allowed to decay after the maturity of the quick hedge. 

It rarely happens that a fence belongs to a road, 
although, where a road through an uninclosed common 
is fenced for safety, the fence must be considered to belong 
to the road. 

The boundaries of manors, parishes, tithings, &c., are 
of a very variable character, and require in every case 
to be specially pointed out. Inquiry should always be 
made as to the last perambulation, and the services of 
the men who actually made the perambulation should, 
if possible, be obtained. Most rural districts hold at any 
rate one old man who is certain to be able to afEord 
valuable information. 

If an old map of the property exists, it should certainly 
be obtained, as many doubtful points on the question of 
boundaries may be settled by it. 

Upon one occasion, when the boundary posts of a parish 
on a large common had long decayed, I obtained infor- 
mation from an old man which enabled me by digging to 
discover their underground remains. 

Of late years, parts of the boundaries of several parishes ' 
have been straightened or regulated under the provisions 
of the Inclosure Acts, and in certain cases questions of 
diaputed boundaries have been determined; the surveyor 
will therefore obtain much information from an inspection 
of the inclosure map and award. 

Many boundaries, however, are stiU in dispute, so much 
so that it is not rare to find property legally described as 
being in two certain counties or in either one of the two 
counties. This moat frequently occurs where land has been 
reclaimed, 



CHAPTER IV. 

Setting out Lines by the Eye and passing 

Obstructions. 

At tlie commencement of this little work, my idea was to 
treat fully and separately upon surveying with the chain 
alone^ and surveying with the aid of angular instruments : 
my views, however, are now changed, and I have decided 
to classify the matter into departments, and to treat 
separately upon each in its turn. This necessity forced 
itself upon me, inasmuch as I found it very diflScult to 
clearly recommend that a survey of any extent should 
be made solely with the chain^ and vice versa that the use 
of an angular instrument was indispensable. My aim is 
now to show how a survey can be done well. 

In setting out any principal line of a survey, it is always 
well to let it bear upon some distant object, say the 
summit of a church steeple, the centre of some tall chimney, 
or any object of a like nature that is visible from many 
points of view within the area to be surveyed: and it 
is of great assistance to the surveyor in the oflBlce to get as 
many lines of his survey as he conveniently can to con- 
verge towards such distant object. Apart from the assist- 
ance gained by following such a system, an error may 
easily be detected in the work which otherwise it might 
take considerable time to discover. Having decided upon 
the direction the line is to take, and taking the distant 
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object as part of it, set up a ranging pole,* taking care 
to have it perfectly upright in the direction of the line ; 
now walk about eighty yards, if the land be tolerably 
level, and set up another pole in a direct line with the 
former pole and the object in the distance; again walk 
about eighty yards, and set up another pole in a right 
line with the two poles and the distfint object; and so 
proceed until the line be set out to its required length. 
If the ground be very undulating, you will be compelled 
to set up the poles at very short distances, and, as in 
certain parts of the survey the distant object will not be 
visible, on no account must you set up a pole without 
having three of those previously set up in view. It will 
be patent to any ordiiiary mind that two poles must of 
necessity be in one line, whilst three would not be so 
if any accident, interference, or error had taken place. 
Imagine for a moment that you had descended a valley 
and lost sight of a considerable part of your line as well 
as the distant object, and that, in ascending the other side 
of the valley, the distant object again appeared suddenly 
to view. What then ? Why the next pole set up should, 
on your taking a sight some yards behind it, cover all the 
poles set up on your descent into the valley, and likewise 
be upon the distant object as was the second pole set up. 

Now there are many things to impede the surveyor in 
his course across a country with a direct line, such as 
hedges, furze, bushes, woods, rivers, &c., &c., and it is 
to these I am about to refer. As soon as the line comes 
upon a hedge, the surveyor or his assistant must, with 
a bill-hook — to be carried in one of the pockets named 



* These are about ten links in length, and are generally painted . 
whitei Vide price list of Mr. W, F, Stanley, London, 
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in Chapter I. — cut such a gap in it as will make the 
line clearly visible on the opposite side^ and admit of a 
man passing through it. In like manner must he cut 
the line through all furze^ underwood, and small timber. 
In thickly wooded and bushy countries, it is often 
necessary to employ three or four men to clear the lines 
and fell small treei^ and these men should be instructed 
to clear the line from the ground to the extreme height 
of anything in a direct line. If the line were only 
cleared, say, to the height of a man, by trimming the 
sides of trees in a level plantation, the overhanging tops 
would block up the view immediately the ground began 
to rise or fall; hence the necessity of a clear cut from 
the ground to the daylight above. It will always be 
found advantageous when opportunity occurs — as it often 
does — ^to set out the line with your back to the sun ; i.e., 
where a line runs due east and west, to commence work 
in the morning at the western end, and the reverse if 
you begin to set out a line in the later part of the day. 

Should the line cross a river, be careful to set up a 
pole close to its edge on either side, for use in calculating 
the distance across when the line is measured. 

If the line should become obstructed by the body of a 
tree, or a building, and the ground should not afterwards 
rise suflBlciently to admit of a view over the top of the 
obstruction, the latter must be passed by means of a 

parallel, thus : 

« 

S — yr 9^ '9 ^ 

Fig. 2. 

In the above figure, A B is the right line; the 
obstruction ; d d are ranging poles in the right line ; e e 
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are ranging poles in the parallel. Now for the moduB 
operandd. To accurately pass an obstruction^ is one of the 
most delicate operations a surveyor is called upon to 
perform. I know nothing requiring such great care and 
nicety. Should the obstruction be at a considerable 
distance from the end of the line^ never attempt a parallel 
of a less length than six chains on eacl^ side of the 
obstruction; but^ should the end of the line be nearly 
reached^ a much shorter parallel will suffice. We will 
presume the obstruction G to be a building fifteen links 
wide, with the line running into its centre. Let us 
now set out the parallel of the width of ten links. 
In the first place, see that the three poles d d d on the 
line A C are most correctly set up in the line : this 
done, set up the poles e e e truly parallel to the line 
A by measuring with the correctly marked rod the 
distance from pole to pole at the top and bottom, and 
from centre to centre. Now produce the parallel line 
in the direction of the letter B, and reverse the former 
operation, which will complete the undertaking. 

When I undertook the Inclosure Survey of the Avon 
and Somerley Commons in Hants, under my late uncle 
Mr. Harry Holloway, of Eingwood, I had a base line 
about 400 chains in length set out entirely by the eye. 
Now as there was no distant object upon which to work, 
I (by my uncle's advice, than whom there were few better 
surveyors) erected a high larch pole at the commencement 
and nailed to it a white flag some three or four yards in 
depth, and about two feet in width. This pole was visible 
in places along the whole line and at its termination. 
A pole of this kind judiciously erected is most useful as 
a convergent point for other lines of the survey. 

Differences of opinion, however, always did and always 
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will exist. Now there are many surveyors who totally 
ignore the use of ranging- poles, and who set out lines 
entirely with " Kght papers/'* My opinion is against 
^^ light papers'' in the first place, unless a theodolite be 
used. I should use ranging-poles, and let an assistant 
in the rear supplant them with "light papers" and 
bring the former forward for further use. I have known 
surveyors waste considerable time in cutting hazel sticks 
for " hghts ;" I think if they were to consider the value 
of their time they would find it more profitable to buy 
two or three bundles of double deal plaster laths; 
further, they would avoid unnecessary damage to property. 
It often becomes necessary to set out a line from a given 
point. A, to a given point, B, when by reason of a hill 
between the two points neither is visible from the other, 
as in Fig. 3. 



^' 




rB 



Pig. 3. 

In such a case erect the pole, 0, at any point on the 
hill from which A and B are both visible ; then, at a con- 
venient distance from C, erect the pole, D, in line with 
A. Now if upon returning to C it be found that the 
poles, D, are in line with B, the operation will be 
complete. The probability, however, is that the Kne, 
A C D, will not be in line with B. Now, presuming 
the line, A C D, to bear in the direction of twenty links 

* A piece of paper abont fonr inches square placed in the end of 
a piece of straight stick abont three feet in length. 
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to the left of B, and the point C to be equidistant from 
A and B, it only remains for the surveyor to remove C ten 
links to the left, and produce the line, C A, which will 
bear correctly, on B. 

This operation can be much more rapidly performed by 
two persons, representing C and D, putting each other in 
line with the points, A and B. 

When the hill is of considerable length, and from no 
point upon it can the points A and B both be seen, the 
surveyor must, by use of several poles, set out a false line 
from A, as nearly in the direction of B as he can. He must 
then ascertain the length of the false line and its deviation 
at B, from which he will be able to calculate how much 
any point on the line will require to be moved either to 
the right or left. For example, the false line measures 
20 chains and the deviation at B twenty feet to the left ; 
therefore a pole at one chain from A will require moving 
one foot to the left, a pole at two chains from A two feet, 
and so on. 

The only real difficulty a surveyor has to contend with 
in setting out lines is a thick fog. 



CHAPTER V. 

Division of the Oieclb and Use of Box Sextant — Chain 
Angles condemned— Cross Staff condemned — The 
Optical Square — Measuring Inaccessible Distances.* 

The circle is divided into 360 degrees, each of which 
degree is afterwards divided into 60 minutes by means of a 
vernier. From this division any angle can be taken, the 
point of the junction of the lines being considered as the 
centre of the xjircle. 

The box or pocket sextant, is a most useful and accurate 
angular instrument, particularly upon level ground, and 
no surveyor should be without one. With it an angle 
under 100 degrees can be taken to a single minute; 
angles can be taken with it to 140 degrees, although 
after passing 100 degrees they gradually become less 
reliable. 

As the use and adjustment of this instrument are so 
perfectly described in several cheap works upon mathe- 
matical instruments, I shall save time by referring to 
one of them contained in Weale's series. I am bound, 
however, to say that it is difficult to acquire the use of it 
from any book, and would always recommend the pupil to 
have it practically explained by a surveyor. The system 
of obtaining the angle by means of setting back two lines 
for a short distance and tying them by measurement 
{vide Fig. 4), cannot be too strongly condemned. Where 
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tye-lines cannot be measnred always use an angular 
instnunent. 

Of the instrunients used for setting off short lines at 
right angles nothing for convenience and accuracy can 
possibly be better than the optical square which^ being 
about the size of a large watch^ is constructed upon the 
same principal as the box sextant. This little instrument^ 
which can be conveniently carried in the vest pockety is 




Fig. 4. 

permanently set to an angle of 90 degrees^ and is specially 
useful for taking long offsets to buildings^ and angular 
points of fences. I reconmiend that its practical use and 
adjustment be explained by a surveyor. 

The cross staff has held its own as a surveyor's instru- 
ment for many years^ but I feel bound to condemn it^ as 
an article of no practical utility — ^it is questionable if a 
correct one was ever made. 

In Fig. 5 the line A B is measured from A in the direc- 
tion of B. Upon arrival at E the measurement is 
interrupted by a river ; and before further procedure can 
be made^ it is necessary to calculate the distance from 
E to G. This can be accomphshed with the chain and 
optical square^ thus : 

Set out the line E D of any length at right angles to 
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the line A B and erect a pole at D ; set up a pole at F 
at any convenient distance from the point E ; from tlie 
point F Bet out the line F Q parallel to the line E D and 




Pia. 5. 

«rect a pole at G- in line with D C. Next meaenre the 
lengths E F, F 0, and E D, and find the difEerence in length 
between E D, and F G-- Then as the difference between 
E D and F G is to the length EFsoiaEDtoEC. 

In Fig. 6 A B is measniTed as in Fig. &. C D is the 
distance to be calonlatod with the chain and asxtant. 

Poles being erected at C D in the line A B, set np the 
poles E and G- at an angle of 60 degrees from the line A B 




aa ahown in the figure. Then fix the point F in line with 
E G G so that the angle F CD shall be 60 d^rees. Now 
meaaore F 0, which will be equal to B. 
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Many will Bay, why erect tlie pole G- F I erect it to 
lengthen the line E C for observation and to check the 
accoiacy of my work with the sextant. 




Fio. 7. 

In Fig. 7 A B is measnred as heretofore. F C is the 
distance to 'be calculated with the chain, aided by either the 
sextant or optical square. 

A pole being erected at C, set up the pole D at any con- 
venient spot and erect a pole at E at right angles to C D 
and at any convenient distance from D. Then erect a pole 
at F on tha point where the line D E crosses the line A B 
and measnre the distance D F. Next set out the distance 
D F in the direction of E and set up a pole at G, and at 
right angles to Q D erect the pole H in the line A B. Now 
measure H F, which will be equal to F 0. 

Of the three described systems for ascertaining the 
measurement of inaccessible distances Fig. 6 is decidedly 
the best, and the system I have always employed — Fig. 7 
in my opinion taking the second place. In Fig. 5 the 
slightest inaccuracy in measurement — even such as would 
be produced by using a tape slightly out of adjustment- 
would materially affect the length of the line to be calcu- 
lated. 



CHAPTER VI. 

The Theodolite — Setting out Lines with the 

Theodolite. 

The theodolite is the only perfect angular instrnment. 
The instrument I recommend is the 5-inch plain theodoUte 
— ^the transit being less compact, more expensive, heavier, 
and not so easy to adjust. 

The theodolite is principally used for taking horizontal 
and vertical angles, reducing hypothenusal to base measure- 
ment, and setting out lines ; although it is useful for many 
other purposes. A perfect instrument carries two spirit 
levels on the horizontal circle, which is divided into degrees 
and minutes ; a vertical semicircle divided on one side to 
degrees and minutes, and on the other side to show the 
difference between the hypothenuse and base of a right- 
angle triangle ; and a telescope and spirit level attached 
Attached to that part of the telescope known as the dia- 
phragm, are '^ cross wires :'' these define to the greatest 
nicety the exact points from which observations are taken. 

"When the instrument is set up in perfect adjustment, the 
telescope and vertical circle move up and down in a direct 
vertical line, so that the '^ cross wires '* clearly define every 
minnte object that is in a direct line with the centre of the 
telescope. 

My remarks on the sextant, with reference to its use and 
adjustment, apply more particularly to the theodolite, 
inasmuch as that an amateur will, by the unnecessary 
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amount of screwing and force he is certain to apply, do 
more injury to a good instrument in one day tlian a practi- 
cal man acquainted with its use would do in a year. I am 
of opinion that any surveyor's charge for a course of iustruc- 
tion on this instrument, might not exceed the value of the 
damage an amateur would do to a good instrument with 
only instructions from a book to guide him. 

I beKeve it will be generally admitted that all the prin- 
cipal Knes of an extensive survey should be set out with the 
theodolite. With this instrument placed in a judicious 
position, a considerable length of line can often be set out 
without removing it. The surveyor should have a small 
flag on one of his ranging poles, to direct his assistant 
when he is at too great a distance from him to hear, or to 
distinctly see a motion of the hand. 

To guard the pupil against an inej£cient course of 
instruction* upon this instrument, I will remark that he 
should be particularly well acquainted with every detail of 
its adjustment, as the results of ignorance on this head 
are disappointing in the extreme. Special care should 
always be bestowed upon the adjustment of the telescope 
and diaphragm when the instrument is to be, used for 
setting out Hues. 

* The anthor undertakes to give instractions npon surveying) 
levelling, &o. 



CHAPTER VII. 

Beduction of ths Mbasitbe 01* UKDTrLATiNa GBotnn) to 

» 

HOSIZONTAL MeASUEE AND TaBLE OF YeBTIOAL AnQLES. 

A GOOD practical knowledge of tliis higlily important 
department is tlie principal essential of a good snrveyor. 

A survey conducted ever so well in every other respect, 
is indifferently or weU made, in proportion as this branch 
rf tie proleJoa i. ^^, or LL.lj performed. 

There are six distract methods of reducing the measure- 
ment of hiUs to horizontal measurement. 

The first method is that of levelling the chain. To 

perform this, on the descent of a hill, let the surveyor 
place his end of the chaia close to the ground, and the 
chaimnaii hold say, fifty links (more or less in proportion to 
the steepness of the ground) of the chain as nearly level as 
he can and drop an arrow: then let the surveyor come 
forward, and hold the chain at fifty links close to the 
ground, and the chainman hold up the end of the chain and 
drop the arrow as heretofore. In ascending a hill this 
operation is reversed. 

The second method is likewise by levelling the chain in 
steps — ^the only difference being that a heavy plumb bob is 
used instead of an arrow. 

The third method is by taking the vertical angles of all 
the changes of inclination with the theodoUte, and making 
the necessary reductions between the hypothenuse and base 
in accordance with the table at the end of this chapter. 
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The fourth method is by reading from the back of the 
vertical circle of the theodolite at every change of inclina- 
tion or slope of the gronnd^ the deduction to be made from 
each chain^s length for the difference between the hypothe- 
nuse and base of a right-angle triangle. 

The fifth method is only available in special cases^ and 
consists of a calculation of the length of a hilly line 
from the measurement of other lines and the angles taken 
with the theodolite. 

The sixth method is performed by a divided semicircular 
board known as the reducing board. {Vide Fig. 8.) 




This board is divided, to shew the difference between the 
hypothenuse and base on each chain^s length, to every 
eighth part of a link, in the same manner as one side of 
the vertical circle of the theodolite, and, being about nine 
inches in length, can be conveniently carried in one of the 
coat pockets named in the first chapter. 

A plumb bob is suspended from the centre by means of a 
fine cord, as shown in the cut. 

As, to the best of my knowledge, there is no work 
on mathematical instruments giviug an account of this 
instrument I will briefly describe the method of using it. 

Let the surveyor stand close to his chainman on a piece of 
level ground, and note the exact part of that mdn which is 
apon a level with his eye^ then let him stand in an upright 
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position at one end of the cliain, and take sight— as aiming 
with a gun — along the top of the board to that part of the 
chainman ah*eady noted^ who will be at the other end of the 
chain^ when the top of the board will be upon the same 
inclination as the ground and parallel to it. Now turn the 
board on one side and the difference between the hypo- 
thenuse and base will be shewn by the cord crossing the 
graduated scale. 

If the surveyor will bend his back a little and apply 
his eye to the ground^ he will often discover a gradual 
descent or rising of many chains in length— in this case 
one sight with the board will suffice for the entire length 
of slope. 

After giving a fair trial to each of the six methods^ 
I am decidedly in favour of the reducing board for 
ordinary work — the theodolite being indispensable in 
special cases. 

I now beg to differ with every work that I have 
seen upon surveying— it being generally asserted that 
levelling the chain will do very well when the slope is 
gentle^ but that the theodolite should be used on steep 
ground. 

I believe it to be impossible for any man to level the 
chain when the vertical angle is^ say^ for example, four 
degrees and showing a reduction of about a quarter of a 
link per chain ; because in the first place he must be a 
correct judge of levels and^ secondly^ he must be able to 
hold the chain level. 

Any practical man knows that a chain^ on account of its 

* weight, cannot possibly be level when one end is held close 

to the ground and the other held up nearly five feet. Now 

to level the chain, even for this slight reduction, one end 

would require to be held up nearly five feet, unless the 
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surveyor measured fifty links at a time, which I venture to 
say upon a slope of this kind he would not do. I have 
found it more the custom to ignore these gentle slopes 
altogether than to measure a chain's length upon them in 
two parts. 

I do not, however, believe it to be impossible for a care- 
ful man to take the correct horizontal measure of a slope 
requiring a reduction of three links per chain by levelling 
the chain and using a plumb bob, because, as he could 
only measure twenty five links at a time, the chain might 
be kept tolerably level. 

The board, in practised hands^ has the following advan- 
tages: 

1. It combines the correctness of the theodolite; 

2. Saves the man's labour who would be required to 

carry the theodolite; 

3. Saves the time required to set up the theodolite ; 

4. Makes the correct allowance for gentle slopes which 

cannot be made with the chain; 

5. Does at once the work of the many operations required 

in levelling the chain. 

Its fifth advantage is clearly its best, because it effects a 
great saving in time and avoids the error created by a 
multiplicity of unnecessary operations. 

Leaving the pupil to select that one of the six methods 
which best pleases him, I cannot pass this part of my 
subject without impressing upon him how important it is 
that the reductions to horizontal measurement should 
always be made in the field. An altered or copied field 
book is always looked upon with the eye of suspicion, and 
justly so, because, admitting the strictest integrity on the 
part of the surveyor, he would be almost certain to make 
some mistake or omission in correcting or copying a volume 
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of figures. It is only in an exceptional case that a vertical 
angle is reduced in the office by the following table : 



TdbU showing the reduction in Unka from ecuih ehcMe length for the 

following vertical anglee. 



Angle. 


Bednotionin 


Angle. 


Bednotionin 
liTilra. 


Angle. 


Bednotionin 
linlra. 


/ 

30 


•137 


/ 

8-45 


116 


/ 

14-30 


318 


3-15 


•161 


90 


1-23 


14-45 


3-29 


3-30 


•187 


915 


1-30 


160 


3-40 


3-45 


•214 


9-30 


1-37 


16-16 


3-62 


4-0 


•244 


9-46 


1-44 


16-30 


3-63 


4-15 


•275 


100 


1-61 


1545 


3-76 


4-30 


•308 


10-15 


1-59 


160 


3-87 


4-45 


•343 


10-30 


1-67 . 


1616 


3-99 


6-0 


•381 


10-45 


1-76 


1630 


4-11 


615 


•420 


11-0 


1-83 


16-45 


4-24 


5-30 


•460 


11-15 


1-92 


17-0 


4-37 


6-45- 


•503 


11-30 


2-00 


1715 


4^49 


6-0 


•648 


11-45 


2-09 


17-30 


4-62 


615 


•594 


12-0 


2^18 


17-45 


4-76 


6-30 


•643 


12-15 


227 


180 


4-89 


6-45 


•693 


12-30 


237 


18-15 


503 


7-0 


•745 


12-45 


2-46 


18-30 


516 


716 


•800 


13.0 


2-66 


18-45 


5-30 


7-30 


•856 


13-15 


2-66 


190 


5-44 


7-45 


•913 


13-30 


2-76 


19-15 


5-69 


8-0 


•973 


13-45 


2-86 


19-30 


5-73 


8-16 


103 


140 


2-97 


19-45 


5-88 


8-30 


109 


1416 


307 


20-0 


6-03 



CHAPTER VIII. 

Measubing Lines, the Offset Statt, and Taking 

Offsets. 

Bbfoee proceeding to measure any line, always let your 
chainman count his arrows and see that he has ten. Next 
see that he puts three or four of his fingers through the 
handle of the chain, and with his thumb holds one of the 
arrows close to the outside of the handle, and at about two 
inches from its point. No surveyor wiU make accurate work 
if he uses long arrows and allows his chainman to hold them 
at the top. The chainman thus puts down his arrow at the 
end of each chain, to be picked up by the surveyor. "When 
the chainman has put down his tenth arrow, the surveyor 
should come forward, mark the point with his ofEset staff, 
pick up the arrow, and give ten arrows to the chainman, 
who will proceed as heretofore. In putting down an arrow 
the chainman should always stand with a square front to 
the surveyor, whose duty it is to see the arrow put down 
truly in the line. A chainman standin&r in any other posi- 
tion! caanot possibly put down Ms Jo. correctly Jd at 
the same time leave the chain truly in line and perfectly 
straight upon the ground. If the chain be laid out of line, 
the offsets will be measured either too long or too short, 
the consequences being a bad plan, and the computation of 
an incorrect area. 

The offset staff is a straight light pole divided into links, 
and ten links in length : it should be shod with an iron 
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spike at one end^ and fitted with a small hook^ for tlie 
purpose of palling the cbain through the hedge^ at the 
other end. 

Offsets are measurements taken at right angles from the 
chain to the boundaries of property, or to such objects 
within the boundaries as are required to be shown on the 
plan. Both for purposes of calculation, and to enable the 
surveyor to make an accurate plan, an offset should be 
carefully measured from the chain to every bend, turn, or 
angular point in a boundary. 

The printed instructions of the Tithe and Inclosure Com- 
missioners—which a surveyor can obtain gratis— clearly set 
forth that no offset shall exceed a chain in length, and as a 
broad rule this is a very good one. 

There is, however, no doubt that the Commissioners, 
irrespective of their good rule, would much prefer the 
surveyor to have a rule of his own to generally limit the 
length of offsets to fifty links. 

Every long offset taken to the junction of fences, or to 
any decided angular point, should be measured with the 
tape and set at right angles to the line with the optical 
square. 



CHAPTER IX. 

To PSOVE THE COBBEOTNBSS OF ObSEBYATIONS TAKEN WITH 

THE Sextant — Single Fields Measubbd with the 
Chain and Optical Squabb^ so that the Abbas can 
be Dibbctly Calculated. 

It is not only the duty of a surveyor to do his work accu- 
rately, but it is necessary that he should prove it to be so. 
For instance, a surveyor might, with the sextant, take a 
certain number of angles correctly, but unless he has 
proved their accuracy he could not declare he had done so. 
The following are problematical proofs. 

1. The sum of the three interior angles of any triangle 

is equal to two right angles or one hundred and 
eighty degrees. 

2. The sum of the four interior angles of any four-sided 

rectilineal figure is equal to four right angles or 
three hundred and sixty degrees. 

3. All the interior angles of any rectilineal figure, 

together with four right angles, are equal to twice 

as many right angles as the figure has sides. 

Although further systems of proof could easily be quoted, 

I consider the foregoing quite suiKcient — the pupil, 

however, would do well to study carefully the first book of 

Euclid. 

The direct mode of dealing with any subject is always the 
best : therefore the most correct mode of ascertaming the 
area of a field is to calculate it from the field notes. 
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In Fig. 9 a triangnlar sliaped field is measured. The 
fine lines represent tlie lines of measurement: thetliick 
lines the fences. The marks T on the fence Unes^ show 
the side to which the fence belongs — L e., that the fence 
does not belong to the field. The points in the lines from 
which other lines branchy are called stations and are 
marked thns 0. On one side of the fine lines are the length 
measurements in links ; on the other side the offsets. 

The base line A B is measured from A to B ; the perpen- 
dicular from three hnndred and fifty links on the base to C ; 
and the other lines from G to A and B respectively. The 
perpendicular must be set at right angles to the base with 
the optical square. 

To calculate the area of a triangle^ multiply the base by 
half the perpendicular^ and the length from one offset to 
another by the average of the two offsets, thus : = 

Base = 770. Perpendicular = 282. 

770 X (282 -^ 2) = 108570 

(350 X 18i = 6475 

Offiiets onAB=]ld0x24 = 4560 

(.230 X 13i = 3105 
Offsets on B = 510 X 17 = 8670 

r 40 X Hi = 460 

do X 22i = 2025 

120 X 17 = 2040 

80 X 14 = 1120 

30x18 = 540 

40 X 25 = 1000 

. 44 X 15 = 660 

Pieee eurring 5 links onCA= 44x3= 132 

Acres 1*39357 

4 



Offsets on G A = « 



Roods 1-57428 

40 



Perches 22.97120 
Thus, this field should be said to contain la. Ir. 23p. 
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I will here observe that the surveyor will find many 
advantages in the use of small figures in his field notes and 

c 




Fig. 9. 



calculations. I was never acquainted with a good surveyor 
who used large ones. 

In Fig. 10 a trapesium is measured^ but which^ to adhere 




Fie. 10. 

to Chap, n.^ we will call two triangles with a base common 
to either. 

To calculate the area of this fields multiply the base by 
half the sum of the two perpendiculars, and calculate the 
ofEsets in the manner already described. 
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Whilst npon the subject of offsets I will stop to condemn 
the absurd system for their calculation often taught in 
certain schools^ and practised by agriculturists^ viz. — that 
of adding all the offsets on one line together and dividing 
the sum by their number for an average offset applicable 
to the whole line- 

The area of a parallelogram or square is obtained by 
simply multiplying the length by the breadth. 

The area of a circle is obtained by multiplying the 
diameter by itself and the result by '7854. 

Although in calculating the area of the triangle (Fig. 8) 
I have worked out the decimals of the acre by multiplying 
by 4 and 40^ it is not the practice usually adopted. Most 
surveyors of experience are so well acquainted with the 
decimals of an acre that they know at sight how many 
roods and perches any decimal represents. 

This, however, is not expected from the beginner, for 
whose use I append the following table of decimals and 
equivalents. 



Dedmals 


PerclieB. D( 


MsimftlB 


Perches. D< 


soimals 


Perches. 


DecimaJR 


Boods. 


Perches. 


•006 


1 


•087 


14 


■169 


27 


•90 


3 


24 


•012 


2 


•094 


16 


•176 


28 


•80 


3 


8 


•019 


3 


•100 


16 


•181 


29 


•76 


3 





•026 


4 


•106 


17 


•187 


30 


•70 


2 


32 


•031 


5 


•112 


18 


194 


31 


•60 


2 


16 


•037 


6 


119 


19 


200 


32 


•60 


2 





•044 


7 


•125 


20 


206 


33 


•40 


1 


24 


•060 


8 


131 


21 


212 


34 


•30 


1 


8 


•056 


9 


137 


22 


219 


35 


•25 


1 





•062 


10 


144 


23 


226 


36 


•20 





32 


•069 


11 


150 


24 


231 


37 


•10 





16 


•075 


12 


166 


25 


237 


38 








•081 


13 


162 


26 


244 


39 
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The area of every field which cannot be measured on 
the ground as a triangle or trapezium^ as in Figs. 9 and 1 0^ 
will be best computed from paper in the office in manner 
hereafter described. 

This is one of the chapters in the treatise that might — ^had 
I not promised to avoid abstruse calculations — have been 
lengthened ad libitum. On the one hand a considerable 
number of examples embodying mathematics that might 
rack the brain could have been described, although in my 
opinion reference to them would have served no practical 
purpose ; on the other hand^ I might have calculated the 
area of the circle from its diameter, or radius, or by reducing 
it to another figure of equal area ; in fact, upon the question 
of a circle alone, a high-class mathematician might write a 
volume, especially as there are points in connection with it 
that still remain unsolved, or, to say the least, that work 
out an interminable result. 

As I have a very distinct recollection that the books 
from which I studied as a school-boy always contained 
examples — and rightly so, for the exercise and proper 
development of the matter contained within the cranium — 
more simple than the quei^tions at the head of which they 
were placed as guides or rules, I have illustrated this 
chapter upon that same system which has served me 
so well. 
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CHAPTER X. 

To SET OUT A Right Angle with the Chain — Figures 
OP THE Lines of Measurement best adapted to 
Irregular Fields. 

To set out a right angle from D on the line A B, let 
C D measure 60 links, D B 80 links, and C B 100 links, 
when D B will be at right angles to D B. The same 




B 



Fig. 11. 



result will be obtained by any other measurements bear- 
ing the proportions of 3, 4, and 5. 

Figures 12, 13, and 14 represent three fields of irregular 
shape, and the lines best suited to their measurement by 
triangulation. 

Now, in proportion as every engine, instrument, or 
machine, is better for being constructed in few parts— 
i.e., is better for having in whole castings or forgings 
certain parts which might be in many — so is the measure- 
ment of a field more correct when it is surveyed by one 
well-constructed figure embracing the whole area. 



IBBEQULAB FIGURES, 



35 



Lines produced throngh other lines^ and fixed by means 
of tye lines^ tend as mucli as anything to form a well- 
constracted figure. 

The frequently adopted system of building one triangle 
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upon another^ a third upon the latter^ and so on^ is a bad 
system; because a slight error in that side of the first 
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triangle upon which the other triangles are afterwards 
built is carried throughout the construction. 

The figures I have given clearly show the value of 
produced lines. 

d2 
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In Fig. 12 the production of A B to fixes the point 
C without further measurement, and keeps the whole of 
the field in one construction, and that portion to the left of 
B D in correct position. 

In Fig. 1^ the points A and B are more accurately fixed 
by the produced lines than they would be by triangles 
built upon the two sides. 

Fig. 14 is a peculiar construction, but a thoroughly good 
one. A B is the base line upon which two triangles are 
built having sides crossing each other at 0. D B and F G 




Fig. 14. 

are two proof lines. Additional proof is gained by the 
production of two lines of these triangles through the 
bafle, tye lines being measured from their termination to 

the points A and B. 

Now many might say, why measure H I on the line A B ? 
Independently of this you have a good construction. I 
assert, the construction is faulty without the entire measure- 
ment of A B as a base. If H I were not measured, the 
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piobability is that the points A and B would not be 
correctly fixed, as the field would be surveyed by the 
untied productions of two sides of the small triangles 
B D C and C F G. 

A rule in construction never to be forgotten is, that you 
may make a short production of a long fixed line, but not a 
long production of a short one. Another rule is always to 
fix the end of the line so produced by a tye line. 

With these examples, explanations, and rules, I must 
leave to the ingenuity of my pupil the construction of such 
figures as are necessary in the surveys of single irregularly 
shaped fields, at the same time telling him plainly that 
loose or careless construction is always productive of a bad 
survey. 

In Figs. 12 and 13, I have presumed the boundaries to 
be hedge and ditch fences belonging to adjoining owners ; 
I have, therefore, to avoid damage to the fences, and to 
enable me to take my offset measurements more accurately, 
kept my lines of construction quite within the fields. Had 
the boundaries been of a different character, and their 
ownership otherwise than described, the construction of 
both figures could easily have been improved upon; for 
instance, in Fig. 12, a better construction could have been 
obtained by measuring a line from C to the highest point 
in the figure; and again, an improved construction for 
Fig. 13 would have been a triangle set out by lines crossing 
the fences in several places, the base being along the upper 
part of the figure, the apex being at A. 



CHAPTER XI. 

Equalising Boundasies^ and dbawino a Triangle equal 

TO A GIVEN FiGUfiE. 

Equalising a boundajy consists^ as miglit naturally be 
supposed, of drawing a straight line from one point of an 
irregular boundary to another point, in such a manner that 
the quantity of land on one side of the straight line, and 
between such line and the boundary, shall be equal in 
quantity to the land on the other side of the straight line, 
and between the latter and the boundary as in Fig. 15 ; 
A being equal to A, and B to B. 




Fig. 15. 



To draw a triangle equal in area to a parallelogram. 
Let A B C D (Fig 16) be the parallelogram. 




Fig. 16. 

Prick ofE B equidistant from B and D, and produce E 
and A B till they meet at F, when the triangle A C F will 
be equal to the parallelogram A B C D. 
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To draw a triangle equal in area to a trapezium. 

Let A B C D (Fig. 17) be the trapezium. 

Draw the diagonal B D, extend A D to B and draw C B 
parallel to B D ; then draw B B, when the triangle ABB 
will be equal to the trapezium A B C D. 




To draw a triangle equal in area to a figure of five sides. 
Let A B C D B (Fig. 18) be the figure of five sides. 
Bxtend A B in both directions and draw D A and D B ; 




Fig. 18. 

then draw C 6 and B F parallel to D A and D B, and draw 
D G and D F, when G D F will be equal to A B C D B. 

I have quoted these old problems specially to make 
the next chapter more perfect — I do not recollect ever 
having applied one of them to practice. 



CHAPTER XII. 

Computation op Aeeas of Ireegulae Fields. 

Theee are five methods of calculating the areas of irre- 
gular figures. 

1. By laying the figure out in triangles with the scale. 

2. By means of parallel lines a chain apart. 

3. By squares and the sliding computing scale. 

4. By drawing a triangle equal to the irregular figure. 

5. By cutting a piece of paper to the exact size of the 

figure^ and weighing it in a pair of scales of most 
deUcate finish— special paper and weights being 
employed. 




Fig. 19. 

Fig. 19 represents an irregular figure to be computed 
by method No. 1. 

First equalise all the boundaries by means of straight 
lines> then cut the figure into triangles, and next draw the 
perpendiculars shown by the dotted lines. It now only 
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remains to calculate the area from the lengths of the bases 
A C> A B^ and D E and the lengths of the perpendiculars^ 
as in Chap. IX. 

Fig. 20 illustrates the computation of an irregular figure 
drawn to the scale of three chains to the inch, by method 
No. 2. 

First draw a straight line touching the top of the figure 
as in the cut ; then draw lines through the figure, parallel 
to the first line and one chain apart, and next draw the 
cross parallels shown in the cut to deal with the outlying 
portion which is less than a chain in width. 

Now draw lines to equalise the boundary as shown in the 

cut, and with the scale measure the lengths (given in the 

cut) between the equalising lines, add them together, 

multiply their sum by one hundred links, and the result will 

give the area, thus : — 

360 
560 
618 

584 
680 
600 

90 

85 

85 

90 

90 

40 



3782 X 100 = 3-78200 or 3a. 3r. 5p. 

The third method is based upon the principle of the 
second — the differences being that transverse parallels 
forming squares are drawn upon transparent paper which 
is laid upon the figure, and that the computing scale 
equalises the boundary and gives the area without calcula- 
tion. 
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Reference to the preceding chapter will fully explain 
method No. 4^ and as to method No. 5^ I will only say 
experiment with it if it pleases yon. 

The compnting scale is generally used amongst the pro- 




Fie. 20. 



f ession^ but if ycm do not possess one and have not mnch to 
compnte, the method I haye described as No. 2 will serve 
yoQ well. 



CHAPTER XIII. 

Example of a Survbt of several Fields together^ and 

THE Field Book. 

The Inclosure and Tithe Commissioners require all field 
books to be distinctly kept in ink in the fields and do not 
permit erasures on any account. 

When a mistake has to be rectified^ the pen should be 
drawn through the original figures in such a manner as not 
to obliterate them ; and a note of explanation as to how the 
error occurred should be written alongside it. 

No straight fence shall be drawn upon the plan from 
the crossings of two lines. Every such fence must 
either have a line measured alongside it, or at the least 
be crossed three times, and must have the letters S T 
written against it in the field book to signify that it is 
straight. 

The lines of measurement should always be shewn on 
the working plan in red, and should be very finely drawn 
in. The numbers of the lines should always be written on 
the plan in the directions in which they were measured. 
Fig. 21 is an example of a survey of several fields together: 
following the figure is the field book. 

Although I have taken exception to rule by plotting Fig. 
21 at eight chains to the inch for obvious reasons, no 
working plan or map should be made upon a smaller scale 
than three chains to an inch. 



u 
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BSFBBENOE NUMBBBS TO MaPS — To PUT DETACHED BuiLDINQS 

IN coBBECT Positions on a Plan by means of Un- 

MBASUBED LiNBS — ^LlNBS MeASUBED ON THE WOBK — 

Making Stations. 

It is very important that the precise limits of every piece 
of land or holding should be clearly defined on the map^ 
and that each piece should have . a number attached to it 
for reference. 

When two or more pieces are computed in one area^ the 
same reference number should be put in each piece^ or the 
pieces should be connected by '^ brackets '* thus : — 





Fig. 22. 

The numbers on the map should be placed in the first 
column of the reference, which should contain five other 
columns for the name of the owner, name of occupier, 
description of lands and premises, state of cultivation, and 
area or extent. 

If the centre of a brook or stream, or the centre of a 
road, forms a limit to the area of the piece, such limit 
must be shewn by a finely dotted line (see Fig. 23). 
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When the Inclosure or Titlie Commissioners order a 
aunrey to be made, the order is usually accompanied by a 
pamphlet of instractious, a copy of which I advise the 
pupil to obtain. 

The system of putting detached buildings on a plan by 
means of unmeasured lines is not generally known, although 




I have frequently used it. As compared with the practice 
of taking offsets, it will be found to give equally good, if 
not better, results with a smaller amount of labour. 



M"-^^ 



Fm. 24. 
Let A (Fig. 24) be a detached building, and the lines 
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B C^ C E^ E D and D B^ be measured on all sides of A 
and at any distances therefrom. 

Measure the lines B C, C E^ E D and D B^ and note in 
the field book the points of their intersection by the pro- 
duced lines of the sides of the building. Prick ofE such 
points on the plan^ and therefrom draw in the building as 
shewn in Fig. 24. 

Churches — especially those with buttressed angles — 
chapels^ and many other detached buildings can often be 
put more ccJrrectly on a plan by this method than by any 
other. 

Lines are said to be measured on the work when any 
portion of the property to be surveyed has a straight 
side that forms the whole or any part of the line to be 
measured. 




Fig. 25. 

Fig. 25 gives an example of a line measured on the work. 
A B C are dwelling houses ; D E, E F, F G, and G D 
are lines in the survey ; H I is the line measured on the 
work. 

A glimpse at the cut will shew that although the houses 
ABC might be accurately laid down on paper by means 

IS 
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of ofEsets taken at right angles from tlie line D G, they 
could with greater certainty be laid down from measure- 
ments on the line H I. 

A line in like manner measured along a straight wall 
or fence is certain to produce better work than a line 
measured at a short distance therefrom with offsets to its 
comers. 

This method besides being the quickest and most certain 
to produce good work, has the following advantages, viz,, 
that the measured line is permanently defined, and that no 
false stations need be made. 

In the conduct of a large survey it will be found advisable 
in the first place to set out the base line, and secondly to 
measure it. 

Now as, at the time of measuring a base or any other 
principal line, it is impossible to make stations at the exact 
points at which the line will be intersected or closed upon 
by other lines, stations should be made at convenient 
places, and nowhere should the distance between one 
station and another exceed ten chains. Stations thus made 
are termed ^^ false stations.'* 

As the work of the survey proceeds, and as the lines 
become shorter, the surveyor will be enabled to make his 
stations exactly where he will require them, these he will 
call '^real stations." 

Stations consist of marks or cuts on pasture land shaped 
to the fency of the surveyor, stakes or pegs driven into 
arable land, cuts or notches on gates and rails, and of 
marks on walls, buildings, &c. A good permanent station 
can be made in a hard metalled road by letting into it a 
piece of soft red brick. 

When engaged upon the survey of a town or village, the 
surveyor or his chainman should always carry, for the 
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purposes of making stations^ a hammer^ chisel and a 
quantity of spike rails. 

Although I have laid down a broad rule (and a very good 
one for open country) that stations shall not exceed ten 
chains apart^ it is frequently necessary to make them at 
much shorter intervals^ and it is always advisable to make 
them at the following places : — 

1. On both sides of a road^ river, canal, brook, or 

railway. 

2. On pasture land at points in line with fences to either 

the right or left of the line. 

3. In arable fields close to the hedge and out of the way 

of the plough. 

4. At gates and rails by notches cut in the lowest rail. 

5. At the outer edge of kerb stones by a cut in the 

stone. 

6. On both sides of a wall or building. 

For the purpose of identification hereafter it will be well 
to make stations in the long lines of a varied character, 
and to note each variety against the distance in the field 
book. It may be well to adhere to one character of 
station as the work advances, and as the lines become 
shorter. 

The surveyor is hardly ever free from difficulties and no 
man in a book of ordinary size can lay down rules one of 
which shall always be his guide. 

Returning to the subject of stations, it often happens that 
avast tract of heath or moor land has to be crossed, and that 
such land is so gravelly, peaty, boggy, sandy, or otherwise 
troublesome to deal with, that there is a difficulty in 
making a good station, and further a difficulty in making 
such a station as shall be afterwards identified with the 
entry in the field book. In some such cases I have made 

s2 
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stations by digging large round holes and placing pegs in 
their centre ; in other such cases I have erected a per- 
manent pole. Frequently I have buried in the holes pieces 
of tightly folded white paper with the lengths of the lines 
written thereon in soft black lead: these papers can be 
taken up and read distinctly twelve months afterwards^ no 
matter how bad may have been the weather. 

There are however places in towns — ^as on asphalte 
pavements for instance — ^where it is impossible to make a 
permanent station : in such places the point required as a 
station must be fixed by measurement. 



CHAPTER XV. 

Plotting! — Selection and Management of Papbb— » 

Inkino In. 

The branch of the profession termed plotting consists in 
making the map from the field book or field notes^ and 
in the care and nicety bestowed upon it much depends. 
No matter how well the surveyor may have discharged 
his duties in the fields and how connect may be his 
measurements^ the whole is worse than useless unless 
it be followed by careful plotting upon properly seasoned 
paper. 

Do not attempt any plotting until you have provided 
yourself with the following necessaries : — 

An office table of 2in. dry and well-seasoned deal^ 
8ft. long^ 4ft. wide^ and 3ft. Sin. high^ a steel straight 
edge 4ft. in lengthy a complete set of good drawing 
instruments and scales^ a 6in. circular protractor having 
two verniers and folding arms^ a pair of beam compasses^ 
lead pencils^ india rubber^ and at least half a dozen leather 
or cloth covered lead paper weights. 

To insure having correctly divided scales purchase them 
at a first-class maker's, and see that they bear the Tithe 
Commissioners' stamp. Purchase them in pairs and put 
the edges together to see that they are perfectly straight. 

Firstly, rule a very fine straight Kne with a hard pencil 
at the bottom of the paper on which it is desired to make 
the plan, and prick off on such line the number of chains 
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that shall be contained in ten inches, according to the scale 
at which the survey is to be plotted. For instance, if it be 
desired to plot the survey at a scale of three chains to the 
inch, and the survey has within it many lines of, say, 100 
chains in length, prick ofE zero a few inches from the left 
hand extremity of the line, and prick ofE from it the 
distances of 30, 60, 90, and 120 chains, and from this line 
take in the compasses the lengths of all the lines that will 
be required to be laid down by intersection. 

A moment's consideration will show the utility and great 
importance of this hue or paper scale, as paper will e?5)and 
and contract in a sUght degree, notwithstanding all the 
trouble that may be taken to have it properly seasoned. 

Now lay down the base line in such a position that the 
survey when plotted shall be centrally situated on the 
paper, regard being had to the position of the north which 
should always when practicable be at the top of the map. 
It is often advisable to lay down the lines roughly to a 
small scale upon a sheet of foolscap paper and to determine 
therefrom the exact position for. the base upon the larger 
sheet. 

The base line being laid down, and the stations thereon 
carefully pricked off, proceed to lay down all the other lines 
of measurement as shown and described in Fig. 21 and the 
chapter referring thereto. 

It now only remains to prick off the offsets and draw 
in the fences, &c., and the work of plotting is complete. 

As this work is often both lengthy and tedious, it 
behoves the surveyor to be scrupulously clean ; and upon 
this head I will add the following recommendations. 

1. Put a cover over the table at the end of the day's work. 

2. See that the office be well swept every morning. 

3. Cure a smoky chimney at any cost. 
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4. Wasli the hands before beginning to work. 

5. Keep every kind of ink and colour on a separate table 

6. Be careful in pointing a pencil to see that the lead dust 

falls upon the floor. 

7. Look regularly to the covering of the lead weights, and 

see that it is not worn away at the comers. 

8. Do not wear a ring or watch chain when at work : the 

former is apt to scratch the paper; the latter to mark 
or soil it when it overhangs the table. 

9. Avoid snuff taking. 

10. Never leave the window open when leaving the office. 
Despite all the good rules on this head that ingenuity can 

suggest, the surveyor is never certain that he will complete 
his map without spot or blemish. Sometimes, when candles 
are used, a moth will fly into the grease and deposit itself 
on the work; at other times the mouse is his nocturnal 
enemy. 

Although the Tithe and Inclosure Commissioners in 
their instructions have not mentioned the matter of clean- 
linesSj I cannot help thinking they prefer a clean map to 
the dirty^ inky^ snufiFy, and almost loathsome document, 
that I have occasionally seen. 

The paper for a surveyor's map or plan should be 
Whatman's best hand-made double elephant drawing 
paper mounted upon a good brown or white hoUand — I 
prefer the brown hoUand to the white. It should be 
procured and laid flat upon the office table at least a week 
before it is required for use, and should be kept at a 
uniform dry temperature. As paper expands much in cold 
or damp weather, and contracts by dryness and heat, the 
advantages of a thermometer in the office will be 
apparent. 

Many are the surveyors who have experienced trouble 
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and inconvenience for lack of forethought and manage- 
ment in the matter of the paper. 

The fences^ boundaries, &c., — in fact the outline or 
skeleton map — should always be drawn in Indian ink, and 
the process of going over the pencil lines of the plotting 
with such ink is termed ^^ Inking in/' The best Indian 
ink can be purchased for about ten shillings per stick or 
piece, and one piece will be a sufficient supply for two 
or three years. Procure a suitable palette, put into 
it a large-sized teaspoonful of water, and rub the stick 
in the palette till the liquid becomes jet black without 
being thick, when it will be fit for use. Experience 
alone can tell the amateur when the liquid is black and 
not thick. 

The lines should be jet black, strong, free from shake, 
and of even thickness, and when magnified, should have 
their edges sharp and well defined. 

'' Inking in '^ is an operation requiring the hand of practice 
more than anything of an official character with which I am 
acquainted. No man, however skilful he may be, can 
possibly succeed in making good work unless his drawing 
pen be accurately set, and the edge of his ruler perfectly 
smooth and free from indentation. 

No sensible surveyor will use a divided scale for purposes 
of inking in, because, in the first place, the constant use of 
the steel drawing pen wears away the delicate feather edge, 
and, secondly, the ink obliterates the divisions. A surveyor 
should establish a rule for the office to the effect that ''any 
assistant caught in the a€t of using a divided scale with an 
ink instrument, shall pay a fine of one shilling to the poor 
box in respect of each offence." 



CHAPTER XVI. 

Surveys made for the Purpose op DivroiNa Land 

INTO Stated Quantities. 

The surveys to which the title of this chapter particularly 
refers, are those made for building estates, and for pur- 
poses of inclosure and exchange of land, although it is also 
applicable to numerous surveys made for other purposes. 

As the work of setting out the various classes of allotments, 
roads, watercourses, &c., under an inclosure, of setting out 
building lots, and dividing land for purposes of exchange, is 
often extended over a considerable period — in many cases as 
long as three years after the completion of the survey — it is 
necessary that the surveyor should leave upon the ground 
along all his principal lines of construction, good, permanent, 
and well-defined stations : I think I shall not err in recom- 
mending him to drive stakes of heart oak at the beginning 
and end of every long line, and at the principal stations 
upon such line. It would be well, to more particularly 
define the exact point of an angular observation, to drive a 
nail into the top of the oak stake. The stalses used for this 
purpose should be about two and a half inches square, and 
fifteen inches long, and they should be driven in nearly level 
with the ground. 

I cannot pass this part of my subject without remarking 
upon the careless manner in which I have seen stakes driven 
in, and a word of recommendation as to the only proper 
method of driving them. 
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The length measurement in the line being determined 
upon, let the surveyor go to the nearest ranging pole on the 
line — unless he erects one specially for the purpose, or uses a 
theodolite — and so direct his assistant that the latter shall put 
down the stake truly in line. Now, with an axe, beetle> 
or other suitable instrument, let the stake be driven 
in, but be careful to see that the driver stands front 
and rear truly on the line, or he cannot possibly avoid 
driving in the stake a little to one side, and thus staking 
out a crooked line from which no reliable observation can 
afterwards be taken. It is generally the practice for the 
driver to stand at one side of the line^ and it is a practice 
that cannot be too strongly condemned. 

Some years ago I was called upon to set out the allotments 
under a large inclosure in Essex from a survey which, to 
the best of my recollection, had been made three or four 
years before by a surveyor with whom I was not acquainted, 
and I have a distinct recollection of the pleasure the work 
afforded me, and how much such work was simplified by the 
great pains which had been bestowed in staking out the 
lines. 

In this inclosure the allotments were set out from one 
side of the survey to the other side through a dense wood, 
and were commenced from an angle taken by a theodolite 
from one of the principal lines. My pleasant recollection 
of this work consists in the fact that after continuing my 
lines through the wood for nearly a mile they clogged in 
some instances exactly upon the calculated point, and in 
every other instance within a few inches of it. 

Now picture to yourself, if you can, the consequences 
that would have followed if a line had not closed upon the 
calculated point ! Horrid are they to contemplate I 

They would have involved the calculation of the angle of 
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deviation, a return to the point of commencement, the 
cutting of a new line through the wood at great expense, 
the loss of much valuable time, and an exhibition of 
blundering of which one is always ashamed — rand all this 
would have occurred had the lines of the survey been less 
carefully staked out. 



CHAPTER XVII. 

Setting out Allotments and Building Plots. 

These should in the first place be carefully set out on the 
plan^ and the measurements from which the areas are com- 
puted should be put upon a tracing specially prepared for 
uses in the field: this tracing should always be carefully 
preserved. 

To set out allotments correctly on the ground, always 
measure from the lines of the survey, and not from the 
fences. 

In measuring along a straight line to stake out the 
junctions of several new fences, always let the measure- 
ment be a continuous one, as error is apt to creep in by 
measuring first one small piece and then another, and do 
not forget that in this work, as well as in the survey, true 
horizontal measurement must be taken. 

Fig. 26 is an illustration of a plan showing the areas and 
measurements of several allotments as prepared for use in 
the field. 

In measuring for allotment purposes, every division of a 
chain should be carefully measured with the tape, and the 
length of any line should always be measured till it closes 
on some given point as a proof to the operations. 

Reference to Fig. 26 will show that the line A B is 
15*20 chains in length from one station to another, and 
that it crosses a fixed point in a line on the survey at 7* 15 
chains. 
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Drive stakes at the junctions in the manner described in 
the last chapter, and drive nails into the tops of the stakes 
to define exactly the points of convergence and divergence. 
Let the nails stand about a quarter of an inch above the 
level of the tops of the stakes, and drive intermediate 
stakes not more than two chains apart in all the straight 
lines*. 

If the ground be firm pasture, strain a line of fine cord 
from nail to nail, and with a sharp spade nick out the new 
line of fence. 
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FiG. 26, 

When a person is employed as a surveyor in the matter 
of an inclosure and is not likewise appointed valuer, he has 
not always the control he should have in arranging the 
new fences : for instance — ^it is quite possible, in order to 
give to each party interested his proper proportion of 
fencing, to entirely ignore the question of surface drainage, 
and to place the ditch on that side of the fence which the 
level of the land shall point out as wrong. To remedy 
this I would suggest that when allotments are set out 
on paper, and before any other step be taken, the land 
should be viewed, and if necessary levels should be taken 
to see that the work is of a thoroughly practical character. 
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and that there is a proper discharge for the sarface 
water. 

I must here make a little divergence^ and^ as I have 
referred to it, speak upon the art of levelling. 

It was my original intention to combine with this little 
work a treatise upon levelling, but finding the latter to be 
so ably and clearly treated upon, I ultimately considei*ed it 
better to abandon the idea and recommend the reader to 
peruse existing works on the subject.* Singular to say, 
closely as the two matters are connected, surveying has not 
been dealt with in the same clear and simple manner. 

To return to our subject, let me impress upon the 
surveyor the necessity of always laying out fences in such 
a manner as to avoid carrying any surface water away by 
underground means, and always to let this be his maxim — 
^^ All surface water to be carried away by furrows, ditches, 
and open watercourses. Pipes only to be used for under- 
ground drainage.^' 

When a surveyor is called upon to set out new fences to 
regulate matters of exchange, or to divide lands for 
purposes of sale or otherwise, let him always be wise 
enough, whenever such division comes between, arable and 
pasture land to have his ditch in the arable field. 

It is a diflBicult matter — in fact, I believe, without in- 
curring great expense, it is impossible — when a ditch is in 
a pasture field to keep cattle out of it. I have known 
boundaries much damaged and valuable cattle sacrificed 
for lack of forethought in this simple matter. 

Building plots should always be measured in feet and 
inches and in every case the frontage and depth should be 
shown in figures on the plan. 

When called upon to divide a frontage, measure its entire 



* Vide " Levelling," by Sims. 
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length, then measure off the piece first required to be sold, 
and afterwards measure the remainder to prove the 
accuracy of the work. Repeat this operation at every 
sale, or you will be certain to find a difference between the 
last piece on the plan and the last plot on the ground, 
which, besides creating much that is unpleasant, might end 
in a law suit or damage to your professional reputation. 
Bear in mind you are employed as a surveyor because you 
are considered reliable. • 

It is always advisable to see that the builder commences 
his work properly and that he does not encroach upon the 
remainder of the estate by any overhanging eaves, barges, 
spouting, stone weathering, &c. 



CHAPTER XVIII. 

AiraLBS AND Beabinos, and use and Adjustment 

OF ClECULAB PeOTEACTOE. 

When the character of a survey is sach as to require 
many angular observations, they should either be taken 
on the ground in the form of bearings, or afterwards be 
converted into such. 

Bearings are simply angles from a line of com- 
mencement which is severally styled ^^the base/' ^Hhe line 
of departure and close," and the ^^ meridian/' 

I think it will be as convenient for the purposes of this 
chapter, to style the line of commencement the ^^ base line/' 
particularly as I fail to see how it can possibly be associated 
with the meridian. 

Fig. 27 is a figure of five sides, shewing the interior 
angles as taken with a pocket sextant, A being zero, or 
the point of commencement, and A B the base line. This 
figure is also intended to illustrate the conversion of the 
angles into bearings from the base line, and to show a 

a 

correct and simple method of laying down on the plan in 
a true position by means of the circular protractor and 
parallel, the five lines, A B, A C, C D, D B, and B B. 

I do not for a moment wish the reader to believe that 
the parallel to be employed must of necessity be a " parallel 
ruler /' on the contrary, I pledge myself to the use of the 
steel straight edge and set square whenever I require to 
draw a parallel line. 
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Pig, 27. 
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To ascertain the bearings, add together all the interior 
angles, thus : — 



o / 



Interior angle at A = 117 15 = Bearing of A 
Add „ :f= 109 



Add „ D 


226 15 = 
= 121 35 


Add „ E 


347 50 = 
= 92 25 


Loss 


440 15 
360 


Add angle at B 


80 15 = 
99 45 




180 = 



>» 



CD 



DE 



»> 



EB 



AB 



The bearings being thus obtained, prick down the zero 
point A, and surround it with a small pencil circle, so that it 
may not be mistaken for any other point. Now place on the 
paper the six-inch circular protractor, the point A being 
its centre, and with the pricking points at the extremities 
of the two folding arms, prick off the several bearings 
shown in the cut by the dotted lines. The protractor can 
now be put aside. 

Draw the base line from A, and prick off the point B 
from the measured length of the line, and in like manner 
draw the line A C, and prick off the point C. Now draw 
C D parallel to A F, and prick off the point D, D E parallel 
to A G, and E B parallel to A H. 

If the lengths of the hnes be accurately measured and 
pricked off, and the angular observations correctly taken 
and protracted, the line E B will close correctly on the end 
of the base which was pricked off in the first instance. 

It is a common custom for surveyors to remove the 
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protractor and protract each angle separately. I can only 
say of such a custom it is a very bad one, because, an error 
in protracting any angle is carried through the whole of 
the work that remains to be done; whereas, by reducing the 
angles to bearings, this continuation of error is obviated. 
Moreover, it is diflBicalt to set the protractor truly upon a 
line, and removing it damages the plan. 

Care should be taken that the protractor is never out of 
adjustment. When in adjustment the zero, or centre, the 
divisions of 180° and 360°, and the pricking points at the 
extremities of the arms, will form a straight line. 

In stating that the angles in Fig. 27 were taken with a 
sextant, I had not lost sight of the stated fact that angles 
taken with it become less reliable beyond 100 degrees. 1 
therefore recommend that the angle of 121° 35' at the point 
D, be obtained from a double observation, or calculated 
from the angle taken from a production of either of the 
lines C D or E D. 

In dealing with angles it will be of assistance to 
remember that ^^ If two straight lines cut one another, the 
vertical, or opposite angles are equal.^' * 

The theodolite being the only instrument with which 
horizontpl bearings can be directly taken, and the only 
angular instrument that can be relied upon in an undulating 
country, I will briefly describe its use as applied to Pig. 27. 

Having ascertained that the instrument is in perfect 
adjustmentf as to level collimation, parallax, &c., set it up 
directly over the point A, level it, and bisect the point B 
with the cross wires in the diaphram of the telescope, at 
the same time fixing the horizontal circle at zero by means 

* Euclid, book i, prop. 15. 

f Vide Sims ou Mathematical Instruments. 

f2 
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of the clamp screw ; release the clamp screw of the 
horizontal limb^ turn the telescope^ and bisect the point C, 
clamping the instrument at 117^ 15^ Now remove and set 
up the instrument over the point C^ bisecting the point A, 
release the horizontal limb^ and bisect the point D, when 
the readings of the verniers will be 46°. 15', and 226°. 15'. 
Again clamp the horizontal Umb, proceed to the point D, 
and continue the operation to a close in the manner set 
forth. 




Pig. 28. 



If the work be correctly performed, the horizontal circle 
will be at zero when the instrument is set up over the point 
B, the point A being bisected with the cross wires. 
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By this method the conversion of angles into bearings 
is dispensed with; one operation takes the place of two; 
mistakes ^consequent upon unnecessary operations are 
avoided; and an instantaneous proof is afforded^ which 
needs not a figure of calculation. 

Pig. 28 is a facsimile of Fig. 27, shewing the method of 
registering the bearings in the field from the horizontal 
limb of the theodolite. 

Many surveyors only read one vernier of the theodolite, 
I, however, recommend that both should be read and the 
readings registered, the difference between them (180 
degrees) acting as a check to error. « 

Being of opinion that if a thing is worth doing it is 
worth doing well, I fail to see the use as angular 
instruments of the prismatic compass, sight compass, 
circumferentor, sighted cross staff, &c., because they are 
instruments not made to take angular observations to the 
required degree of nicety. I look upon the theodolite 
and sextant as the only reliable instruments for angular 
observations excepting of course the optical square for a 
right angle. 



CHAPTER XIX. 

Travbrsb Sobtets. 
Whbh the surveyor is called upon to survey a river, road, 
caual, or any property of any great length and littTe 
breadth, it may be more convenient for him to do so by 
meauB of the traverse system than by triangulation. 

Traversing is the system of surveying with lines fixed 
by bearingti taken with the theodolite, and it diSers from 
the system described by Fig. 28 inasmuch as that the last 
line does not close upon the line of departure or base 
line. When as in Fig. 29 which represents the survey 




Fio. 29. 

of a brook running through a dense wood, the traverse 
forms part of the detail of a large triangulated snrvey, 
and is commenced from station A in one line and continued 
to station B in another line, the bearings are all taken 
from the line of departure, the accuracy of the work 
being proved by the close. 
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When, however, the survey is conducted upon the 
traverse system, as in independent construction, it must be 
carried out in a manner that will admit of proof, and to 
obtain a good proof I recommend that the lines of the 
traverse should only form the principal lines of the survey, 
and that the detail should be surveyed by triangulated 
and produced lines upon and through such principal lines, 
as shewn in Pig. 30 — ^A B, B C, and C D being the lines 
of traverse. The work might be further proved by 
angular observations taken from A to C and D, from C 
to A, and from D to A and B, if such points were visible 
from one another. 




Pig. 30. 

During the many years I have been specially engaged 
upon the field work of a surveyor, I have only made one 
survey entirely upon the traverse system, such being the 
survey of a long length of river made for legal purposes in 
connexion with a fishery rights dispute, yet I have made 
many surveys of considerable length and little breadth. 

With only the above exception I have always made 
such surveys upon a carefully measured base line com- 
menced at one end of and continued through and to the 
other end of the survey, and I am of opinion that a base 
* hne can, under ordinary circumstances, be set out and 
measured in considerably less time than would be occupied 
in taking observations with the theodolite, and apart from 
this much time would be saved in the office, and the services 
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of the man who would be required to carry the theodolite 
could be dispensed with. 

That the theodohte possesses a great attraction — I may- 
say a charm — to the beginner, I am fully aware, partly 
because I was once a victim to it, and because I frequently 
see young gentlemen, victims like myseU, '^airing the 
instrument '' as the good woman of the house does certain 
articles to preserve them from attack by moths. 

Excepting for the purpose of taking the angles of the 
principal lines of construction in a triangulated survey, 
the beginner should never use the theodolite as an angular 
instrument, in fact the pupil should never be taught the 
use of it until he has had considerable experience in 
surveying by triangulation. 



CHAPTER XX. 

Trespass. 

My incliiiation for digression tempts me now to say a 
little upon the matter of trespass^ notwithstanding that 
I believe my remarks would be better received as part of 
a general and concluding chapter. 

It is almost impossible for a surveyor to avoid 
trespassing^ and when engaged upon surveys of intermixed 
property, outlying parts of estates^ projected railway 
schemes^ &c., it is quite impossible for him to do so. 
The only course I can recommend to him is, to waste no time 
in asking for permission to cross any property, but to cross it 
as quickly as possible, and to offer a civil and full ezplana* 
tion of matters if caught, letting the explanation be accom- 
panied by a promise that no damage shall be done. An 
explanation of this kind I have generally found to answer 
my purpose when I have met with the owner of the pro- 
perty himself, but I must say I have occasionally met 
with surly gamekeepers and servants who have taken much 
to pursuade them that my business was actually that of a 
surveyor, and that I was not a poacher— the inside coat 
pockets named in Chapter I. being viewed with the eye of 
suspicion. 

When, however, it becomes necessary to measure a line 
across the residential part of an adjoining or intermixed 
estate, permission to measure it should most certainly be 
obtained. I can hardly picture to myself a man who would 
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be so consummately impudent as to attempt to measure a 
line of this kind without having first obtained permission. 

Surveys of commons for inclosure purposes, and surveys 
to decide matters of encroachment are nearly always 
unpopular works ; the surveyor must therefore smilingly put 
up with both insult and abuse, so long of course as the 
latter is confined to words. I have found that the class 
of people who resort to these kinds of annoyances can 
generally be overcome by a little management and good 
humour; I, however, recollect having encountered some 
knotty customers. 

Looking over some old comic papers — I believe a mixture 
of ^' Punch'* and '^Judy" — I saw a threat dealt with 
exactly in the words I made use of many years ago. 

I was surveying the encroachments upon a certain Boyal 
Forest when a small squatter whose garden I was 
measuring threatened at once to blow my brains out with 
his pistol. " My good man,** said I, ^^ you will have to 
blow some brains in before you can blow them out.** My 
remark did very well, and the squatter didn*t blow. 

I will only add that I have trespassed a great deal 
without any unpleasant consequences; and that I have 
completed many very unpopular works without recourse to 
either force or the. law. 



CHAPTER XXI. 

Quality Lines. — Supbrstructurbs and Works Undbr- 
GROUND. — Harvest and Coppicb Work. — Rbducing 
Plans from a large Scale to a Small one. 

These are lines of a finely dotted character^ and are put 
upon a tracing of the map to separate the several qualities 
of the land for valuation purposes : they are never shown 
upon the map. 

It is qoite a common thing to find a large field con- 
taining land of three or four different values : open tracts 
of country frequently contain land varying in value from 
half a crown to fifty shillings per acre or more. 

For inclosure purposes the greatest care should be taken 
in fixing the quantity lines. 

As I interpret the term Land Surveying to mean a 
measurement of everything occuping the swrfdce of the 
ground y it is clearly wrong to show an archway upon a 
plan as a block buildings notwithstanding that the 
building above the arch may form part of a dwelling house 
which may be on one or both sides of the archway ; and 
inasmuch as it is incorrect to shew a superstructure on a 
ground plan or map^ it is wrong to shew an underground 
work by a firm line : underground works and superstructures 
should be shown on the plan by finely dotted lines. 

When, however, the surveyor has to deal with cattle 
sheds, storage sheds, railway stations, bridges, aqueducts 
&c., and when the scale at which the map is to be plotted 
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is not larger than two chains to an inch^ he cannot do 
wrong in shewing block buildings in the cases of the 
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Fig. 31. 
sheds^ and plain outside boundary lines in the cases of 
bridges, &c. 





Fig. 32. 



Fig. 31 represents the elevation of a series of arches and 
Fig. 32 shews the ground plan of the same. 
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Fig. 33. 
Fig 33 is illustrative of a surveyor's plan of a bridge 
across a river. 
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The measuremeiit of land taken to decide questions of 
harvest labour is not worth the notice of the professional 
surveyor ; however, en passant , I will remark that it should 
always be an inside measurement, i.e., it should be the 
measurement of the land actually cropped with produce 
belonging to the farmer, and should not include any hedges 
or ditches. 

The measurement of woods taken to enable the owner 
to settle with his men for cutting, should, as a general rule, 
be taken in like manner ; in some cases, however, underwood 
is sold under a condition that the purchaser shall properly 
cut and plash the hedges, when I think it would be only fair 
to extend the measurement to the outside of such hedges. 

In most rural districts there is generally to be found a 
handy man, a kind of factotum, who undertakes work of 
this nature. 

When the surveyor has the management of an estate or 
home farm, he should of course take these measurements 
himself, and where, to work a proper rotation of cropping, 
large arable fields are always in a variety of crops, he will 
save time if in the first instance he makes a careful inside 
measurement of such fields and maps them» The map or 
plan made for this purpose should shew the exact positions 
of trees, gate posts, &c., so that, to ascertain the quantities 
of the varying crops from year to year, it will be only 
necessary for him to measure distances along the fences 
from certain fixed points and to compute the areas in the 
office with a scale. 

Besides the new photographic process, with which I am 
entirely unacquainted, and which of course can only be 
applied in such large departments as that of the Ordnance 
Survey, there are four methods generally employed for the 
reduction of maps. 
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The very old and I believe up to the present time the 
most accurate and simple system of reducing a map is by 
the use of squares and proportional compasses. The 
squares should consist of a series of parallel lines drawn 
exactly according to scale one chain apart^ and crossed 
at right angles by another series precisely similar. These 
squares should be drawn upon the map intended to be 
reduced^ and upon the paper for the reduced map^ those 
upon the latter of course being drawn to the smaller scale 
of the proposed reduction. It considerably facilitates 
matters to draw the line of every fourth parallel somewhat 
strong, and the other lines of the squares very fine, and to 
number the squares, as in Fig. 34. 

The advantage of numbering the squares is not so apparent 
in the illustration as it is when the squares are continued 
to, say, a hundred. 

The proportional compasses, the use of which the maker 
will explain, can be set so that by measuring a distance 
on the larger scale with one end the distance on the smaller 
scale will be given at the other end of the compasses. 
The proportional compasses also carry a graduated scale 
for the reduction of circles. Another method of reducing 
is by the use of mathematical figures which can be applied 
to the plan intended to be reduced, as if the latter were 
the actual estate, and plotted at the smaller scale as from a 
field book. 

The pentagraph or pantagraph is the instrument generally 
used in surveyors' offices for the reduction of maps, and 
a very good instrument it is where rapidity is of more 
consequence than minute accuracy; when, however, the 
latter is indispensable the pentagraph must be put aside. 
The application of this instrument is very simple, and will 
be explained by the maker, or, perhaps better, by the 
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printed pamphlet which always accompanies it. Its weak 
points consist of a lack of rigidity which causes lines 
made with it to be of the kind generally known as shaky ; 
the difficulty in obtaining a point to the pencil which shall 
be its centre as if it were turned in a lathe; and the 
liability to removal of the fulcrum. When this instrument 
is in true adjustment^ and correctly set^ the fulcrum axis^ 
the tracer^ and the pencil will be in a straight line. Before 
using the pentagraph in a reduction which may not be 
shown on the graduated scale of the instrument^ the pupil 
will do well to reduce a rectangular figure of any con- 
venient size^ and test the reduction with a scale^ because it 
is quite possible to set the instrument in such a manner 
that it will correctly reduce the horizontal line^ and 
inaccurately dispose of the vertical one. When engaged 
upon the reduction of a large map likely to occupy several 
days^ I can recommend the draughtsman to drill a hole 
through the fulcrum^ and screw it firmly to the table with 
an ordinary wood screw ; but before doing so he should be 
certain that the surface of his table is levels otherwise the 
axis of fulcrum will not be plumb. When the fulcrum 
is removed the screw-hole must be properly pegged^ or at 
some future day the drawing pricker may pierce the 
paper over the hole in such a manner as to cause great 
annoyance. 

The eidograph^ I am informed by those who have used 
it^ combines both minute accuracy and despatch; if this 
be the case it is unquestionably the best instrument for 
reducing. 

By a reverse of operation plans may be enlarged ; but I 
never recommend the enlargement of a plan with an 
instrument^ because of the multiplicity of error attending 
the operation. For instance^ if we reduce a plan which 
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has in it many lines nearly but not quite straight^ say^ from 
a scale of one chain to an inch to a scale of six chains to an 
inch^ and then enlarge the reduction from six chains to an 
inch to one chain to an inch, all the fences formerly nearly 
straight will be made quite so, because at the smaller scale 
the slight curvatures were invisible. 
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CHAPTER XXII. 

To COPY A Map — Colouring, Penmanship, &c. 

To copy a map becomes a very simple matter after a little 
experience, although to do it accurately requires great care 
and nicety. 

The materials required for the work are some thin tracing 
paper, black transfer paper, lead weights, tracing point, 
and the paper upon which the copy is to be made. 

The black transfer paper is made by well rubbing dry 
powdered black lead upon one side of a sheet of tissue 
paper, and afterwards rubbing ofE the loose powder. The 
drawing paper must be well seasoned, as explained in 
Chapter XV. to prevent contraction. 

The modus operandi is simply this : — Make a correct 
tracing of the map on the thin tracing paper; lay the 

tracing upon the drawing paper in proper position; place 

* 

the black transfer paper between the two, taking care that 
the black side be laid downwards ; place covered lead 
weights where they may be required to keep the papers flat 
upon the table ; and with the tracing point press gently 
upon all the lines of the tracing. Now remove the tracing 
and transfer paper, and a true copy of the original map will 
appear in black lead upon the paper underneath. 

In case there should be many copies of the map to make, 
and the original tracing should be cut to pieces by the 
tracing point, be particular to prepare a new tracing from 
the original map and not from one of the copies. 
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If the pupil wears a ring — and I fail to see any advantage 
that can accrue to him by doing so — ^he must be careful 
that it does not press upon the tracing during the operation 
of the transfer, otherwise he will transfer, besides the 
details of the map, something after the style of those horrid 
things often seen in nightmare, and which I believe are 
admitted to be beyond description. 

To colour well with judiciously selected tints in a manner 
that shall at once be workmanlike and attractive, giving 
the map somewhat the appearance of a bird's eye view, is 
an art which can only be acquired by constant practice. 
When I have told you that all dwelling houses should be 
coloured with carmine; outbuildings with slate colour; 
arable lands with raw umber; roads with burnt sienna; 
ponds, rivers, and other waters, with Prussian blue ; and 
woods, plantations, and pasture lands with green, I have 
indeed told you little. 

Never attempt any kind of colouring by an artificial light 
or you will be a self-deceived nian when daylight arrives — 
and particularly so if you have been employing green or 
yellow — and never use gall upon any pretence whatever. 
That gall makes the colour flow freely on a surface that 
may be slightly greasy, I readily admit ; but in the course 
of time the matter contained in it is absorbed into the 
paper considerably beyond the limits of the colouring, 
giving it a dirty or greasy appearance. On the vellum 
tracing cloth, which is now extensively used, the gall 
border, as I will term it, soon shows itself and rapidly 
becomes a disfigurement to the work : of course this is more 
or less noticeable as a greater or smaller quantity of gall is 
employed. 

Never employ chemicals for the removal of colours, or 
you will again be the victim of self-deception : their 

o2 
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employment is liable to cause the paper to decay, and 
colours afterwards put upon the affected part to gradually 
fade away. The latter might be serious in the case of a 
plan attached to a legal or public document, and referred 
to solely as being coloured green, pink, or otherwise, as the 
case might be. 

Whatman* s hand-made paper mounted on holland or linen 
takes colour very well : the same paper unmounted requires 
to be first rubbed with bread. Tracing paper, particularly 
that of French make, takes colour very well : tracing cloth, 
parchment, and vellum require to be well rubbed with 
india-rubber. Tracing cloth takes colour best after it has 
been well dried by the fire. 

I prefer the colours of Messrs. Winsor and Newton to 
those of any other maker, and I recommend red sable 
brushes in preference to those of camel's hair, because they 
generaUy have a better point and possess more spring. 

When a map is coloured well, every tint is quite uniform 
in shade and free from blotches. To colour well, never 
attempt to produce a deep colour — should such ever be 
necessary — ^by one operation, but with a delicate tint lay 
on coat after coat until the required depth of colour is 
obtained. Always mix sufficient colour before commencing 
to use it, and well stir it at every dipping of the brush. 
The paper to receive the colour should always be laid upon 
a slight inclination, so that the liquid will drain towards 
the brush and keep the working edge from drying. If the 
working edge of the colour be allowed to dry, you have 
failed to produce good work. 

Uivers, lakes, &c., can be coloured with great effect by 
diminishing the depth of colour from their outer edges to 
their centres ; this can easily be accomplished by keeping 
each successive coating of colour a little within the limits 
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of tlie coat which immediately preceded it. Another plan 
of colouring rivers is by the process known as softening, 
which consists in quickly following a small brush dipped in 
dark colour with a large brush dipped in water. 

Always lay on the colour as quickly as possible, and 
never '^ touch up " the work or go over it with a second 
coat until the first coat is quite dry. 

On the head of penmanship — ^much as I like to see it 
done well — I can give no instructions likely to be of any 
practical utility. The pupil must obtain good copies for 
his guidance, and persevere in their imitation until he has 
equalled them. 

Pattern drawings of trees, and other embellishments to a 
map, can easily be obtained, and must be imitated in like 
manner. 



CHAPTER XXIII. 

Commencement op a Parish Survey — Surveying to a 

Scale op Feet. 
Although many years have elapsed since I read Captain 
Dawson^s instructions as to the conduct of a parish survey, 
I have not forgotten the substance of them. 

To obtain a good construction, he recommends the sur- 
veyor to set out a base-line through the longest extent of 
the parish ; to cross such line as nearly as possible at right 
angles by another line extending from one side of the 
parish to the other side ; and to connect the ends of the 
two lines so set out by other lines to complete the figure of 
a trapezium — or practically, two triangles upon a common 
base. 

If the reader has carefully followed me, and will for a 
moment return to the example contained in Chap. XIII., 
he* cannot fail to have discovered that I most fully indorse 
the recommendations of Captain Dawson, which I believe 
have withstood the test of time without amendment. 

The surveyor should, if possible, as a first step, obtain a 
rough copy of any existing old map : this will be of 
immense service to him, as in all probability it will be 
approximately correct as to the outer boundaries, and will 
at once point to him the figure with which he has to deal. 
If he employs an assistant to conduct the survey, an old 
map will be particularly useful, inasmuch as he can mark 
upon it the lines of construction which, in his opinion are 
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the best : before, however, these lines can be decided upon, 
the parish must be carefully viewed to see that there are no 
formidable obstructions in the way. 

For many engineering purposes, it is often advisable to 
prepare a plan to a scale of feet, say, for instance, to a scale 
of 60 feet to an inch. 

To prepare a plan of this description, when the scale is 
smaller than 40 feet to an inch, I should make the survey 
with Gunter's chain in the usual manner, and plot it to a 
scale of chains and links which should be equal to the scale 
of feet required. Scales of this description can be purchased 
of Mr. W. F. Stanley, of Great Turnstile, Holbom, and no 
surveyor should be without them. When, however, the 
scale is as large, or larger than 40 feet to an inch, the 
measurements should be taken with a chain a hundred feet 
in length and plotted to a scale of feet. In booking 
measurements of feet and inches, it will be found con- 
venient to enter them as pence and shillings, thus— 
12/6, the latter representing 12 feet 6 inches. 



CHAPTER XXXIV. 

Town Suevbying. 

Town surveying is by far the most difficnlt and tedious 
brancli of the profession, and in my opinion the class of 
surveying the least to be desired. Entering upon the 
survey of a town, the surveyor must make up his mind 
to be a patient and good-tempered man; he must be 
prepared to have his chain kicked aside time after time 
just as he has correctly laid it out for the purpose of 
measuring offsets therefrom; he must be prepared to 
withstand insults of every conceivable kind ; and must be 
proof against the viUanous smells with which he is sure 
to be assailed in certain districts. 

I am prepared to be told by many readers that I am 
altogether mistaken as to bad smells ; that modem sanitary 
legislation has done away with them; and that the 
inspectors of nuisances could not possibly allow them to 
exist. I say that although much has unquestionably been 
done there is still more to do, and that masses of reeking 
filth are much more numerous in the worst districts, of a 
town than the gentleman residing in the best part will 
readily believe. 

In the first place the surveyor must carefully exajnine 
the town and note its peculiarities and formation ; he must 
carefully examine it with a view to becoming acquainted 
with its longest streets, its narrowest alleys, and those 
peculiar places through which direct lines of measurement 
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can be taken ; he must further examine it to see if it can 
be encompassed by some mathematical figure which would 
serve as a basis for the work to be done. 

Nearly every small town can be encompassed by lines 
forming a triangular construction, by keeping such lines a 
little distance without the limits of the town ; and, whenever 
it is practicable, to have such a construction as a basis for 
further operations, I recommend it with the greatest confi- 
dence. The town of Chippenham, for instance, is a town 
which could well be encompassed in the figure of a triangle. 

The triangulated construction being set out and measured, 
and the necessary stations laid down in manner hereinbefore 
described, the surveyor can, in many instances, measure all 
the details as in an ordinary survey without recourse being 
had to any angular instrument. When, however, he cannot 
get through lines, he must work from one outside line to 
another in the manner described in Chap. XIX. under the 
head of " transverse surveys," allowing his first series of 
interior lines to traverse the principal parts of the town. 

The experienced surveyor will, however, discover, by a 
careful search, parts of the town through which direct lines 
can be set out and measured that the amateur would not 
find. I therefore recommend the pupil to most carefully 
examine the town in search for places through which such 
lines can be measured, and not in a hurry to state that no 
such places can be found, or that to measure a through line 
is an impossibility — the latter being in my opinion a Arity. 

Lines can often be continued through the windows of 
houses, with the aid of a theodolite, even when such 
windows are upon the upper floors ; they can also often be 
continued through by taking the line of a high gable end 
as described in Chap. XIV. under the head of "lines 
measured on the work;" also by a judicious selection of 
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certain points in one continnous line, which shall bear or 
be upon some such distant object as is named in Chap. lY. 
By means of the latter selected points, the surveyor may 
have the opportunity of setting out his line by both a 
backward and forward movement. In certain special cases 
lines may be continued through houses or other obstructions 
by a theodolite fixed upon a short stand on the top of such 
obstructions. I have upon two or three occasions fixed a 
theodolite upon the ridge of a building of ordinary height. 

All that it is possible for man to write upon the several 
contrivances for measuring a direct line through obstruc- 
tions, will not benefit the pupil so much as a practical 
exercise of his own ingenuity ; I recommend the latter in 
preference to a series of lessons because knowledge so 
acquired is always retained. 

Errors of measurement will creep into the work if the 
pupil be not careful in crossing walls ; a plumb-line should 
always be used, and in many cases it will be found advisable 
to mark the crossings of walls with a piece of chalk. 

When a town extends over an extensive area, and is sur- 
rounded by a thickly-populated neighbourhood, it will in 
all probability be next fk) an impossibility to encompass it 
by any figure of triangulation. Southampton, for instance, 
is a town, both from its size and peculiar situation, to which 
no surveyor could for a moment think of applying a trian- 
gulated construction, and would not attempt to survey 
without a good theodolite. 

To survey a town of the latter description, as long a base- 
line as can be conveniently set out should be established in 
one of the longest streets, and if such street be centrally 
situated in the town so much the better. The theodolite 
must read at zero upon the line, and all other lines of the 
survey must be fixed by means of the bearings taken with 
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that instrument in manner described in Chap. XVIII. 
Abundance of proof to the operations will be afforded as 
the work proceeds by the closures of the several lines^ 
which, in all probability, will represent a peculiar figure of 
network. 

It will be found advantageous in the survey of either a 
town or any intricate work to take measurements one day, 
and plot them the next day. By pursuing this method 
mistakes are easily rectified, confusion is avoided, and the 
surveyor is enabled to plot quicker from having a clear 
recollection of the property to which the figures of his field 
book or field sketch refer. 

Although I have stated in a former chapter that offsets 
should not exceed a chain in length, I think the surveyor 
will find it advantageous in the survey of a town, where 
offsets are certain to be very numerous, to set out his lines 
as close as possible to the work, and for this reason I 
advise him, unless the streets be very narrow, to have lines 
on both sides of them. I have found from experience that 
by having lines on both sides of the streets, I could make 
better and more rapid work than I could by having lines 
along their centre, because the operations would not be 
so much interfered with by the traffic. 

When the survey of a town is extended over a consider- 
able period, I recommend the surveyor as a first step to lay 
down on the paper for the plan a large and fully divided 
circle which will serve as a protractor throughout the 
work. 

The advantages to be thus gained are a saving of time, 
and the avoidance of damage to the paper occasioned by, 
and errors consequent upon, the frequent removal of the 
circular protractor. 

A further important feature in town surveying is a 
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oorreot measareineiit of the detaUSj and it is in this portion 
of the work that the pocket sextant conies to the front and 
Btasda almost invalnable. With it a short line at any angle 
from s principal line can be fixed, and it is often i 
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surveyor should make an accurate tracing of it on sheets 
of convenient size, and carefully examine it on the ground 
to see that it is quite correct, and that there are no 
omissions. The latter work is generally done in connection 
with the preparation of the book of reference : in some 
instances when the survey is made by an assistant for 
valuation purposes, the principal undertakes the work 
of examination in connection with his duties as valuer. 

As I consider town surveying quite an independent branch 
of the profession, and as this work is not prepared for the 
special guidance of those who generally undertake it, I 
have confined my remarks to a few brief comments on its 
particular characteristics, I have, nevertheless, given advice 
to the pupil which will be found serviceable, and appended 
a sketch illustrative of detail measurements. 

If the town to be surveyed extend over a considerable 
area, and afford no position for a line of considerable 
length which shall act as a base to the operations, it 
must unquestionably be surveyed with the aid of trigono- 
metrical observations. 



CHAPTER XXV. 

Testing the Accuracy op a Survey — General 

Bemarks. 

The accuracy of a map is frequently tested by the 
measurement of a straight line set out from one side of the 
survey to the other side, and by the crossings of the several 
fences, which should be noted in its measurement. Addi- 
tional test can be afforded by a series of angles taken 
with a theodolite from fixed points in the line to 
certain conspicuous objects within the limit of the 
survey. 

The best test, however, and the only one which I can 
recommend with confidence, consists in the measurement 
of a large triangle within the area of the survey, and the 
subsequent measurement of a perpendicular or tye line 
from its apex to its base. The entire fields in which the 
angular points of the triangle are contained should be 
carefully surveyed ; the crossings of all fences, boundaries, 
&c., should be noted ; everything within a chain of the 
lines should be measured ; and the whole plotted upon the 
same scale as the map. Now if the map be correct, a 
tracing of the test work will fit truly upon it ; if incorrect 
the tracing will not fit it. 

When there are only a few points of difference, I advise 
the surveyor to carefully examine his test work, and 
remeasure those parts of it in which the differences exist 
before declaring the survey to be incorrect, because we 
are all equally liable to error. 



GENERAL REMARKS, 95 

Although the pupil may have gathered a fair theoretical 
knowledge of land surveying from a careful perusal of 
the foregoing pages, he must distinctly understand that 
he has not gained an atom of practical knowledge. 

K he will follow my advice he will read and practise 
alternatively : by this means he will make himself slowly 
and surely a practical man. 

To grapple with a volume of theory at one stroke is too 
great an undertaking, and one likely to be associated with 
those ^' little forgets " which so often prove fatal to good 
work. 

As no surveyor has ever attained that happy state known 
as perfection, the pupil has before him a world-wide field 
of enterprise which I would recommend him to enter with 
the character of determination. 

Experience alone can teach him amongst other things 
the best positions for his lines— the best measurements 
for him to take in the survey of intricate details : ex- 
perience alone can make him accurate and rapid. How 
clearly does the hand of practice show itself upon every 
work! I know of no mechanical work, of an ordinary 
character, upon which experience, and the hand of 
practice show themselves so clearly as upon the working 
map of a surveyor : on the other hand, lack of nicety, good 
construction, and finish, and the addition of the erasures 
employed to get rid of bungling operations as clearly 
point out the work of the amateur or dabbler. 

The over-zealous pupil is also liable to bungling opera- 
tions, for, with both heart and mind intent upon the work, 
he is certain from want of experience to take a quantity of 
measurements by no means necessary, and to disfigure the 
paper by a series of useless pricker holes referring thereto. 

The mistakes common to the beginner are, taking offsets 
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from a chain which is not laid truly in the line, and taking 
those which from the size of the scale cannot be plotted, 
and are consequently unnecessary ; making stations a little 
out of the line which will afterwards affect the lengths of 
other lines to be produced through them ; taking offsets to 
buildings which have projecting courses above the projec- 
tions instead of below them and close to the ground; 
taking offsets at various other angles from the chain than 
a right angle, and setting out a crooked line in lieu of a 
straight one. 

A good surveyor will, upon an average, complete the 
survey of forty acres per day of ordinary field or parish 
work. 

As customary measurement is fast upon the wane, I have 
considered the mere mention of it quite sufficient. Copies 
of the old tables for its conversion into statutory measure- 
ment can still be obtained, but I feel almost certain my 
readers will never require to see them. 

In arranging this work it has been my endeavour, in the 
simplest language, and in the simplest and most concise 
manner, to impart to the reader a good plain practical 
knowledge of the profession of a land surveyor. Whenever 
it comes into the hands of a professional surveyor, I trust 
he will do me a kindness by reading it and suggesting to 
me anything which, in his opinion, would be an improve- 
ment or useful addition. 

As a study of surveying is useful as an advance towards 
the higher branches of engineering, and as it tends to 
acquaint the pupil with construction, a knowledge of which 
is essential to all branches of mechanical work, the ulterior 
advantages that may be gained from a perusal of these 
pages should not be lost sight of. 



CHAPTEK XXVI. 

In Memobt of the Past. 

My honest conviction is, that a class of persons numerously 
to be found in the civilised world is the discontented class : 
the class whose sole activity is devoted to grumbling at 
its station and lot : the class that is always envious of the 
successes of others. Many a time have I heard a surveyor 
exclaim, '^ Oh, if I were only a doctor V^ and the doctor, 
'' Oh, if I were only a surveyor ! '^ — the former complaining 
of his tedious labours in the field ; the latter regretting 
that his labours are out of the field. 

And what is the occasion of these exclamations and 
regrets? What can it be that now makes the man rebel 
against the choice of his youth — ^the profession into the 
ranks of which he so proudly entered — the profession to 
which he was trained by the exertion and self sacrifice of 
parents whose hopes were that he might rise and do 
honour to the family name ? The answer is plain. Dis- 
contentment, idleness, or ingratitude. 

Be grateful, my friends, for all that in youthful and 
prosperous times has been done for you ; look forward as 
to a brighter prospect and a better end ; but never forget 
the kindness and consideration of the past. The course 
through the world, like the career of true love, never runs 
smooth ; therefore, inasmuch as it is a pleasure to think 
of past kindnesses, let it be a pleasui*e to endeavour to 

H 
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forget those matters which may have beien troublesome 
for the time. Contentment is a fortune in itself: per- 
severance its hand-in- hand companion. 

As to my past professional career, it affords me quite 
a joyous recollection, as I look with pleasure upon 
diflSculties satisfactorily overcome, and with pride upon 
the profession that has placed before me scenes I could 
never have looked upon, and introduced me into society 
I should never have known, without it. It gives me 
pleasure to say that I am now as much attached to it as 
I ever was ; aye, as much as I was when I completed my 
first survey of the '* diflScult field.^^ 

As the circle of my vision embraces for the moment an 
apparent facsimile of the huge pile of time-honoured 
maps and field books once my handiwork, the faces of 
good old friends and true are recalled to memory, which 
further carries me back to the very beginning; to days 
when kindness surrounded me — to days when many 
friends, now not, were giving me the benefit of their 
past experiences. 

On the other side of the picture, my memory reverts to 
a happy recollection of the many adventures and enjoy- 
ments that have associated themselves with my peregrina- 
tions ; and I venture to say, that if truth could replace 
fiction, the adventures of your humble servant during his 
career as a surveyor, would be quite a parallel to those of 
any Roderick Random. 

I have another pleasure to record : it consists in a 
recollection of the underserved and unrequited kindnesses, 
I have at all times received at the hands of strangers, — 
it further consists in the discharge of a duty I owe (not 
PecksniflSanly to society) but to the many surveyors under 
whom I have acted, by thanking them for the gleanings 
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I have from time to time gathered from their successful 
harvestings. 

And now, my friends, a few parting words and, for the 
present, adieu. I hope the time is not far distant when 
you will hear from me again, and that meanwhile these 
pages wiU keep our friendship together. 

Have confidence in yourselves and remember— 

Self-dependent power can time defy, 
As rocks resist the billows and the sky. 
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tions, some of which contain Portraits of Sporting Celebrities, and 34 yignettes. 
Price i;. U 

COHTKHTB. 



The First of September. 

A Day in a Punt 

Mark Cock I 

Trouting. 

Long Tails and Short Onea 

Paying the Pike. 



Babbit Shooting. 
Beaching. 
Orouse Shooting. 
Salmon Fishing. 
Snipe Shooting. 
OrayUng Fish&ig. 



THE DIAMOND DIGGINGS OF SOTTTH AFBICA : a 

Personal and Practical Account By CHABLES A. PAYTON, ** Sabckllb," of 
" The Field." With a Brief Notice of THE NEW GOLD FIELDS. With Maps, 
large post 8vo., price 6s. ; post free, 6s. 6d. 

HOT-POT. Miscellaneous Papers by FBANCIS FBANdB 

Post 8yo., in doth, price 6s. 



WORKS PUBU8HED BY HORACE COX. 



Beoently pabUshed, price 21s., by poet, 9d, extra, with foIl-pa^ DlaetratlonB, 

and Folding Plates. 

MODEBN WILBFOWLING. By « WHiDFOWLEB." 

Frontispiece Illastration (folding plate), ** Wildfowler *" and Pontsman in his 
Doable-handed Pont. 

Ck)MTENT8.— Mozzle-loading and Breech-loading Pant Qnns (with fall-page iUostra- 
tions); the ** Setting" of Pant Gang; Rope Breechings and other Becoil Apparatos 
(with Ulnstrations) ; Ancient and Modem Pants (with several fall- page and folding 
plates, plans, and illast radons, measurements, Ac., including those of ** Wiidfowler's '* 
doable-handed pant); Launching Punts and Canoes; Punting by Day and by Mght; 
Coot Shooting in France; Modem Full-choked 4-boreM, 8-bores, lo-bores, and 12-boi]e8 
for Wildfowl Shooting; Flapper Shooting (illustrated) ; Inland Duck Shooting ; Sailing 
to Fowl (iUustrated) ; Decoying to the Gun (illustrated) ; Decoying in America (illus- 
trated) ; American Decoys (illustrated) ; American Blinds (illustrated) ; Shore Shooting; 
Flighting ; Stalking Horse (illustrated) ; Wildfowl and Seafowl Acts, Close Times, 
Laws. Ac.; *' Wiidfowler's " Table of Loads; Netting Plovers and Snipe Snaring; 
Hooking and Snaring Seafowl; Decoying into the ** Pipes;*' Flight Ponds and Bock 
Fowling; Concluding Remarks. 

The ENGLISH GAME of CBIOKET : comprisixie a Digest 

of its Origin, Character, History, and PnM^'eea, together with an ^position of its 
Laws and Language. ByCHABLES BOX, author of **The Cricketers' Mannal," 
** Beminiscences of Celebrated Players," Essays on the Game, " Songs and Poems,** 
** Theory and Practice of Cricket,** &g. 4to^ beyelled boards, gilt edgea (600 pages), 
with appropriate illnstratioiui, price One Guinea ; by poet 22a 8dL 

THE ANNALS of TENNia By JXTLLAIT MABSHALL. 

The work will be found very complete, and, it is thought, justly entitled to take 
its place as the standard work on Tennis. It has cost its author much laborious 
rp search; and, independently of its great value to tennis players and all lovers of 
the game, it is trusted, from the vast amount of curious lore it contains, the volimie 
wUl be found not unworthy of a place on the shelves of titie scholar. The author, 
himself a well-known amateur, is fully competent to speak with authority on Uie 
game, having had the opportunity of studying the play of the best Ckintinental in 
addition to that of th^ best EngUsh, masters, and, therefore, may be taken as a 
safe guide by leamem. Crown 4to., printed on toned paper, price 25s. 

Part L, price 2c 6dL 

THE HITNTING COUNTBIES of ENGLAND: their 

Facilities of Access, Bequirements, fto. By BBOOKSBT, Containhig: 



The Belvoir. 

The South Wold. 

The Brocklesby. 

The Burton and the Blankney, 

The FitzwilliaoL 



Thei^om. 
The (3ottesmore. 
The Pnckeridge. 
The Old Berkeley. 



Now ready, price 2s. M., free by post 2s. Id.^ Part IL of 

THE HUNTING COUNTBIES of ENGLAND: their 

Facilities, Character, and Bequlrements. A Guide to Hunting Men. By 
BBOOKSBY. 

This Part contains the following Hunts: 



The North Warwickshire. 

The Pytchley. 

The Woodland Pytchley. 

The Atherstone. 

The Billesdon or South (^nora. 

The Meynell. 

The Bicester and Warden Hill Hunt. 

The Heythrop. 

The Old Berkshire. 

The South Oxfordshire. 



The South Nottinghamshire. 

The East Kent 

TheTickham. 

The Vine. 

The South Berkshire. 

Mr Garth's. 

The H. H. 

TheTedworth. 

Lord Ferrers*. 

The Warwickshire. 



Parts L and IL can be had bound together, price it. 6dL, by poet is. 8d. 

THE '< FIELD" HUNTING MAP, Printed in Colours, 

giving the Names and Districts of each Pack of Hounds from Carlisle to Land's 
nd, in one Map, bound in red cloth, mounted on canvas, size 26in. by 2bin., 
price is. 6d. ; by post. is. Sd. 



WORKB PUBUBBBD B7 BORACB COX. 



SeooBd Edition, in the prees. 
PHBA8AKTS for OOVEBTS and AVIABIES : their Natural 

Hlatory and Praotloal Management B7 W. R TEGBniBIEB, F^a, author 
of **The Poultry Book,** "PUreoni,** "The Homhig Pigeon;" Editor of the Poultry 
Department of ** The Field,' Ac. Illuitrated with nomeroui fall-page EngraTings 
drawn from life by T. W. Wood« Boyal 4ta, boTeUed boards, gilt edgea, 
prloelSi. 64I 

TEB OA.TTLB OF GBEAT BRITAIN: their History, 

Managanent, *a Edited by J. COLEMAN. Price 18&, in imperial 4t0L, beTeUed 
boardu, gilt edgee, with eighteen fall-page engraTinga by Harriaon Weur, toned 
pai)er, ilTnetrating each Breed of Cattle. 

PART I^Breeding and Qaneral Management; Prtnoiplea of FBedinf^— Natora and 
Value of Different Kinde of Food; Buildings, and the Mannfaetnre of Manore; Dairy 
Managt^mf nt, the Milk Trade, to. 

PART Il.~TUE BREEDS OF CATTLE:— Shorthorns, by J. Thornton; Harsfordfl, 
byT. Dookham; Devona, byCapt' Tanner Da^ey; Looghoms, by Gilbert Murray; 
SuMax OattK by A. H«»aaman : Norfolk and Suffolk Red PoUed Cattle, byT. Fuleher ; 
Pulled Oallowaym by Gilb<>rt Murray ; Polled Angna or Aberdeenshire: The Ayrshire 
BMHHi Hy i)llb«iri Murray; W(«at UifhlandCattto, by John Robertson; TheGHamorgan, 
P<^wbr\^««hlra or <.^tlemartin« and AnfHeeea BrMda, by Morgan Brana ; The Kmtt 
BrtKHi, by K. O. Pringle; The Aldertwy, Qoemaey, and Breloa Bfeeeda, by J. a w, 
Douglaa and others. 



Th« 8HSBP and PIQ8 of GBBAT BBITAIVi 

Hialory^ Management, fte. Edited by J. UOLEMAN. Priee laa, in imperial 4«ol, 
beTalM KvMi»k gut edges, with numeroua fultiMf^ engraTtaigB t^ Hairiaoa 
Vrebr« loned paper« iUusirating the Tarioos breeds or Sheep and Pi^ 

PART L^-i^teoeral Managesaent of Shew; PreparmtJona fbr Lambing; firoB BMh 
la VTMaing; from Weanhkg to Market ; on wool. 

PART U--TUS BREEDS OF SHEEP: — Istesstsi^ by As Editor; Bordsr 
Lalceaian^ by John Usher ; Colswolda by the Edilor; Loii«-«tiollsd Linsoks; Devon 
LoMTWooK by J. DMby ; RoaMkey Marah andSouttdowna, by the Edilor; Hamji s iiln e 
er weal Oountiy Dowm^ by B. P. S^Murey; Shropshire^ by tta Sdhor ; Ozford 
IV>WM, by MMen. Dnaps and Hobba; RoeeoBOMMX by K Ol Prii^e; M e ff e tt a 
Meii«o: Exmoor« Blaek4lMed or S^MAsh Mountain Sbisep; (AevkMi^ bty John Usker; 
IVniel Hv>nMa Sheevk by John Ds«hy; Welsh BNsdi^ by MoKgan Evans; n s td n kk 
Sheei^ bY H, A« SMdteg. 

FART UL-Shwp Fanaing )A 




PART lV.^-4^tottana Manag sm t nt of Pln^ 
CNMee< Ijage WhlMi SMJrwW and Midi&s Whte 

TlM XBNNXL OXiUB STUB BOOK^YdLI., fromiaSPto 1878. 

OMissbiiNg a ««Msptss» raMcd of D^ Show* and FSaU Tkialk. wtk ^dlnena off 
4MiV c# «ba pcMynl Sportbig and Non miiwtftag Dvhu. Ufesd bvV. a & 
nLARCE. N«>« rs«Mly«ksi^nv.pfk<aiLp«keliiL«iCby9QstUa.4A 

YV^i. lU conssjfcj&ag a <««sj^lNa fecoca of Dtoc Shffwa and FMl Tlls^ vlk 
f«»iii4(^N« v>f $(vrt8ag and X>Mhap>Kthi« 1^^ Pttee 14a M. by noat Itn IM. 

W'X. IIU i^maiLinaiig a e^Msplsss ie««K4 of IVg Sk»«a avi F%sU TkisK v*^ 
F^iKm««^ $9«w«n^<iwiN«}ar^^>nNrI^ Ptfee liia M. Iv pna Ma. IM. 

WL. IV^ vNMMB^si^ a vNMsplMa r«<vc4 of Ite Slhiwa anA IlsU Ttia^ wtk 
f»> ti «g » i a <rf $ift?r<b>gaaay«K8Pi}gt&iCt^i»B^faf ti^ FriMMSL W« bviasa]ia.lM. 

Y\>U Y.^ Q^msit^n;^ a cvaat|^*ie» vkvcu gf iSt^ Sbkrwa and IMl nm^ wtth 
fH^lt«c<iiM«)f $^K«aicaBaNsi»<fMnbsg PtveHa>«i.byMatUaLlML 

VOt. Vt^ «iMHabini( a vvmyiM* te^vrl of Doip Sk««i» and Fh 
r<i«2i|p^N«vf :$)^Nr«ai(aBdSgas$9ocvJsgL>]^J0rl^^ FtaeeMaW. 

WL. Vll^ cvusutto^ a iMi^JkMe cev'vc^ of ENw Sftkfwa 
y»h< W Naof $^v««^andXons^tfnasHrftl<is<Ort^?^ Ffew* 



fiMSfbie IMS IML ^ ^^ 








U*Lr;3TSAt«D CALRSLMlIL 
ailte«nlinaKws«Mi 

SS iMBiT1> flJMU.;bF 




WORKS PUBUSHED BY HORACE COX, 



The DOGS of the BRITISH ISLANDS. Edited by 

'* STONEHENGE" (with the aid of several experienced breeders). Third Edition. 
Completely re>written, with new full-page engrayings. In one Tolome, bevelled 
boards, gilt edges, price \bs^ by post Ibi. lid, 

Also in parts, as follows: 

PABT L— Book I. Management of Dogs in Health; Book IL Dmgs commonly nsed 
for the Diseases of Dogs and their Modes of Administration; Book IIL The Ordinary 
Diseases of the Dog, and their treatment; Book IV. Judging at Dog Shows and Field 
Trials. 

PABT IL— DOGS USED IN SPOBT.— Book L Dogs Used with the Gun; Book II. 
Hounds and their Allies. 

PABT IIL NON-SPOBTING DOGS.-Book L Watch Dogs ; Book IL Sheep and 
Cattle Dogs; Book III. Terriers; Book IV. Toy Dogs; Appendix. 

THE BOWING ALKANACK and OABSMAN'S COM- 
PANION, 1881, contams : A Calendar with Space for Memoranda, and High 
Water Table, with a Table of Tidal Observations ; Becord of all Begattas and 
principal Club Baces in 1880, with a copious Index; a Beview ot the Bowing 
Season of 1880 ; an Itinerary of the Biver Thames from Oxford to Putney, showing 
all the points of interest, with Hotels, Ac. ; a Bowing Directory ; the Lengths of 
the different Racing Courses ; the Laws of Boat Bacing ; the Bule of the Boad on 
the River; and Tables of Winners of all the principal Baces and Begattas; 
to«rether with Advertisements from Riverside Hotel Keepers and Boat Builders. 
Price 1«., by post 1«. Id. 

MOOBE'S OOLUMBABIUM, Beprinted verbatim et literatim 

from the exceedingly rare original edition of 1735, with some recently discovered 

Earticulars respecting the Author. By W. B. TEGETMEIER, F.Z.S. Price 2». 6d, 
y post, 28. 8d. 

PBAOTIOAL FALGONBY ; to which is added, HOW I 

BECAME A FALCONEB. VoL VIL of **Thk Field*' Librabt. By GAGE EABLB 
FREEMAN, MJk. (*' Peregrine," of "ThxFisld"). Price fi«. cloth; post free, 
6*. id. 

THE FIELD DX7PLI0ATE JUDGING BOOK facilitates the 

work of the Judges at Poultry and other Shows, hy a very simple method of 
entering and preserving a duplicate judging list Price 6d. ; or 2<. 6dL the half- 
dozen; by post, 6d. extra. 

THE dXTEEN LACE BOOK: an Historical and Descriptive 

Account of the Hand-made Antique Laces of all Countries. By L. W. Price te., 
4to., printed on toned paper, with plates ; post free, fii 4d. 

PABT L— MEDIEVAL LACEWOBE AND POINT LACE. With thirty illustra- 
tions of Lace Specimens, and seven diagrams of Ijmsc Stitches. Ihis jMurt contains the 
whole of the series of articles on Antique Point Lace which have been published in 
" The Queen.'* The pamphlet will prove an invaluable guide and book of reference to 
ladies interested in Antique Lace, and, with its highly ornamental embossed ooYor, 
will form a handsome ornament for the drawing-room table. 

MOSS FBOM A BOLLING STONE ; or Moorish Wanderings 

and Bambling Bemhiiscences. By CHABIJCS A. PAYTON, '* Saboblli,*' of 
*'The Field," '' The Country," Ac. Author of ** The Diamond Diggings of South 
Africa.** Post 8vo., price 7«. BO. 

THE IDSTONE PAPEBS. A Series of Articles and 

Desultoiy Observations on Sport and Things in general By ** IDSTONE.** 
Second Edition. Large post 8vo. price 7«. 6<f. ; post free, 7«. lid 

THE BABB and the BBIDLEi a Handbook of Equitation 

for Ladies, and Manual of Instruction in the Science of Biding, from the prepa- 
ratory suppling exercises on foot to the form in which a lady should ime to 
hounds. By " VIEILLE MOUSTACHE.** Post 8vo., price U ; poet free^ fie ML 

ANGLING. By FBANCIS FBANCIS. Author of ** A 

Book on Anglbig," Ac Its contents are Bottom Fishing, Mid- Water Fishing, 
Surface or Fly EHshhxg. Trout Fishing with Bait, Fly Fishing for Trout, List of 
Trout FUes, Grayling Fishing, Salmon FisUng, Salmon FUm, On Taokle Making. 
Price £i., by post te dd, 



KAVOBB: tkctr Km b i cU to Merita taaa. aa WamamieaX 

PniBIatTlB*. Br&.W.CBCWS. AnAorirf ' Oomb : tta CWiIb. ffi^VT. ud 
T TniM a.' te. Cron »nx, piin 11 1< by po« ^ aiL 

THX POTATO ud ita GsUnrntun. Br A. V. CSKWB. 



THX OBOUKD GAXK ACT, IflSO, wi th M KpU— toty 

or hwL ■Bit lite 1i^R« iiT apurtiBf nffaa. Ita0 limibktvBB pbad l^CB A« Idl^c 
ud idlbig lit gmaid (laie. ami odiar ■nmn '■—'■-'-' iK Aa .io. 9«aad 



THX TABX-. betsff Part I. of tha Seemd Xditim of "Tha 

«K V«L m. a( 'Tib Fiaw~ Iobux. I^qa foM lH,|(iH Itda*; foa 

KHX OABBUT: bvms Pail H. of th« g acail Xd it iffl w of 
-Tb( Pn. OHibB. SbXIl wi ATkrr' V^ lU. at -Th rwB- Iimii. 

Tha BEFOBT of tbe "FIKLD" TBIAL of XZFLOKTTXB, 

.»»lUTn. T>i biiiiTi II I ii in Will Im liiii |m»i r»M lfc«l 1*» mtM n« 
I— "■ n>f bi Kalj nf <md u aad jiwumiA. ul pen k. 

■ hi I PlT ml 111 ■ ill J riiMMlM 

Tha RUXiB Of PIOBOW SmXlTDrO. PohliibBd bv Special 

Bfnad loankcr M ckA, cCi ■j jt *. ffClQc M. ^ pa's ^^ 

■oPMur AxuucTica sy n. r. 

I Milm aai LaiA« AAMk OiAb. FcEik " ^— 
m. Tbe lli»Mi.MH.> <( AAtatc Wiil^n IV. TnA^aT vTvaB^K. TL 

BHB^TnT^r^^ mi tii nniaini i n irmna iti TTifcti 

O-ThtlMntd AlUMits. X. SMMiB. XI. Iki Sm I^iIuibiiihh « 
■ lbh*. PttaelLC^bTfQMli.^ 



_ . , _.,__« r^ii I ~i>i^ !■ ■iiiiiiT' nii« 



kEBSAXTof SKATmO: vith XQsatntMna, UacTana, aad 
fsOBOSQE JlXKtSMS i-vTCL.'S"^ ViwJTi^^n Bf *» Cq— 1 P-hca 



WORKS PUBLISHED BT BORAGE COX. 



ESTATE MANAGEMENT. A Practical Handbook for 

Landlords, Stewards, and Papils, with a Legal Supplement by a Barrister. Also 
Tenant Rif;ht from a Landlord's Point of View. By CHARLES £. OUBTIS. 
Price 10«. 6d., by post, 11«. 

SHIFTS and EXPEDIENTS of OAMF LIFE, TRAVEL, 

and EXPLORATION. By W. R LORD, Royal Artillery, and T. RAINES, 
F.RG.S. Tbe work is written expressly for the nse of Military and Naval OflScers, 
Missionaries, Trayellers, and any who maybe obliged to "rough it" in Foreign 
and Savage Countries ; and it is believed that the " Shifts and Expedients " here 
gathered together will be found of the greatest service to all such. The work 
contains above 700 pages, and nearly 400 Dlustrations. New and cheaper Edition, 
with additions. Price 80«.. doth gilt 

THE GUN TRIAL of 1879. The "FIELD" TRIAL of 12, 

16, and 20-bore GUNS, 1879 ; with Full Scores of the Shooting, and a Description 
and Woodcuts of the Force Qauge and Machine Rest used ; compiled from Reporter 
and Articles publishBd in the " Field." Also an Appendix, containing Correspon- 
dence on Large and Small Bores, the Detonation of Gunpowders and other 
Explosives, Experiments on the Velocity and the Striking Force of Shot, Ac 
Price Is. ; by post, Is, 2d. 

THE ITALIAN SYSTEM of BEE KEEPING ; being: an 

Sxposition of Don Giotto Ulivi's Economical Frame Hives and Honey Extractor 
By ARTHUR J. DANYELL, late Capt H.M. 31st Regiment With Illustrations. 
Price Is. This pamphlet contains practical directions for the making and utilisa- 
tion of frame hives, costing less than 2s. each, and a centrifugal honey extractor 
costing 5s, or 6s. 

OTTR COliMON INSECTS: First Steps to Entomology. 

By Mrs. K W. COX. Second Edition. Price 2a. 6d. ; by post, 28. 8d. 

POPULAR ILLUSTRATIONS of the LOWER FORMS 

OF LIFE. Illustrated. Vol V. of "This Field " Library. By 0. IL BREE, 
M.D., F.L S., F.Z.S. Large post 8vo., price 5s. cloth; post free, 5s. SdL 

THE FIELD « LAWN TENNIS" UMPIRES' SCORE- 
SHEET BOOK (with Instructions for the use of Umpires). Adapted for the use 
of Umpires and Players, as used at the Championship Meetings. Price M. ; by 
post. Id. 

COLORADO: its Amculture, Stockfeedinc^, Scenery, and 

Shooting. By S. NUGENT TOWNSHEND, JP. (St. Kma,) in limp cloth, 
price 2s. 6d. ; by post, 2s. 8d. 

OUR BOATING TRIP from BORDEAUX to PARIS: 

Being an Account of an Autumn Tour through France. By JAMES POWELL 
Price Is. in paper; Is. 6d. in doth. 

SKETCHES of LIFE, SCENERY, and SPORT in NORWAY. 

Vol. VIII. of "The Field" Librabt. By the Eev. M. R BABNABD, RA. 
The work is admirably adapted for nse as a Sporting Tourist's Handbook, 
while it is of absorbing interest to the general reader. Price 6s. 6d ; post free, 
6s,10d. 

BOAT-RACING; or, tlie Arts of Rowing: and Training^. 

By K D. BBIGKWOOD. Containing the history of racing boats and the sliding 
seat, instructions on rowing, coaching, and steering; the organisation and 
administration of boat clubs; the modem system of training for races; the quali- 
fications of amateurs; together with historical records of boating from the earliest 
times to the present date; and the new laws of boat-racing; thus forming a com- 
plete manual Now ready, price fif., by post 5s, id. 

RAMBLES AFTER SPORT ; or. Travels and Adventures 

in the Americas and at Home. By ''OLIVEB NOBTH." Contents— A Week's 
Duck Shooting at Poole, That Sheldrake, Quail Shooting in California, Bear 
Hunting in Mexico, Bear Shooting in California, My First Elk, My Last Bear, 
Round Cape Horn, Valparaiso, Santiago; Shooting in Chile, Andacollo, Lima, 
Panama, Jamaica ; Country Sports and Life in Chile, Two D^s' Fishing in Chile, 
*'Tol1ng" for Ducks in California. Up the Sacramento, the white Elk of Astoria, 
Sport in tbe Coast Range Mountains. Large post 8vo., price 68. ; post free, 6s, Ad, 



WORKS PUBUaHED BT HORACE COX. 



A XAHUAL of the L^W of SALMON ITSHEBIBS in 

KNOLAHD wd WALES, with a ooptow Index. By SPENCEB WALPOLE, 
oneof HerH«Jest7*8liupector«of S&lmoaFiflherlM. Price 2c 6d, by po«t 24l 84. 

FACTS and USEFUL HIKTS relating to FLuuJSfO and 

SHOOnNG; being a OoUectlon of Information and Becipee of all deeorfp- 
tiona of the greatett utility to the general Sportsman, to whieh is added a series of 
Becipea on tiie Ifanagement of 'Don in Health and Disease. Vol L of **Thv 
Fold ** Ldbabt. Third Edittoo. Large post 9wo^ price 7«. 6dl cloth; poet free, 
7«. lOdL 

BY LAKE and BIVEB : an Angler's Rambles in the Vorth 

of England and Sootlsnd. By FBANOIS FBANCIS, Author of '*A Book on 
Angling/* Ac. ice. Post 8va, price 8s. 6d. ; post free, 9$. 

A TEAB OF LIBERT y ; or, Salmon Angling in Ireland. 

9y W. PEABD. HD., LLR Vol IV. of "ThbField** Librabt. Price fit. cloth S 
post free, fif. ML 

THE IVTEBNAL PARASITES of our DOMESTICATED 

ANIBiALS ; a Mannal of the Entozoa of the Ox, Sheep, Dog. Horse, Pig, and Oat. 
By T. SPENCEB COBBOLD, IID., F.RS., F.L.& Illostrated with numerous 
woodcuts. Post 8Ta, price fie, by post fif. Zd. 

<< WHETSTONES FOR WITS :" or Doable Acrostics. By 

VABIOnS HANDa Edited by "OBACE.'* Price fit. ; by post, fit. 4<1 
" You have not the book of riddles about you, haye yon 7 ^—Merrjf Witet. 

THE ILLUSTRATED aUEEN ALMANAC and LADY'S 

OALENDAB; comprising Work-table and other Patterns, and much Information 
interesting and useful to Ladies. Published annually. Price !«.; by post, It. Zd, 

CHESS MATCH.— STEINITZ v. BLACKBURNE. — The 

Game s in th e Chess Match between Messrs. Blackbnme and Steinitz, umotated by 
STEINITZ. Beprinted, in large tvpe, from **The Field," with additional Notes 
and Gomments, and Diagrams of the most interesting positionsL Price U, 

THE ANGLER'S DIARY, wherein the Axieler can register 

his take of Fish throughout the year. An extensiTe Qst ot Fishing JraUions 
throughout the World is added. Post 8Ta. nrioe 1j. 6<f. ; by post, U, 9d, 

THE SILKWORM BOOK : or, SILKWORMS ANCIENT and 

MODEBN, their FOOD and MODE of MANAQEMENT. By W. R LOBD, BJL 
Illustrated. In demy 8voi, price 3s. 6d., cloth gilt; post free, 2s. 8d. 

REPORTS on SALMON LADDERS, with Original Drawings, 

Plans, and Sections. By FBANOIS FBANOIS. In post 4toi, price 2i. 6d ; by 
post, 2i. Id, 

ACTING CHARADES FOR OLD AND YOUNG. Bv 

ABTHUB LILLIE, Author of "The Enchanted Toasting Fork,** ftc. Hand- 
somely bound in doth, price Zi. 6d. ; by post. Si. 9d. 

THE RAIL and the ROD ; or. The Tonrist-Angler's Guide 

to Waters and Quarters. In Parts, paper wrapper, price U. each; in doth, U. 9d, 
post free, 2dL extra. 

No. 4. South-Eastkbv Bailwat. 

^^ r Gbkat Eastkrh, Lohdov ahd NoKiH-WisEBBa; MmLAap, and 



No d. I Gbbat N<»thxsh Bailwatb. 



THE BOOK of DINNER SERVIETTES (Fourth Edition). 

which contains a new Introduction on the i>eooration of Dinner Tkbles, and 
General BirectionB for folding the Searyiettes,(rf wlddh there are Twen^-oiie 
different kinds giyen, with Ninety-two Woodonta ilhisteatiTe of the ^arknifl 
F<dds required, and the Serrlettes complete, hi demy itc, on toned pftper» 
and in fsnt^ oorer, price 2s.| by poet, 2$. 2d, 



LONDON: "THE FIELD" OFFICE, 346, STEAND, W.C 




W. F. STANLEY, 

MANUFACTURING OPTICIAN 

MATHEMATICAL, DRAWING, 



AND 



SURVEYING INSTRUMENT MAKER. 

^oxtttnctot t0 W-M* ^obtnxmtnif also fox ^nVm mi ^alonm* 



Theodolites, Sextants, Levels, Compasses, 

AND EVERY DE8CBIPTION OP 

iNSTt^UMENT AND MATERIAL FOR FIELD AND OFFICE. 

Of the First Quality, Highest Finish, and most Moderate Price. 
Manufaoturod for moat part by self-acting machinery. 



International Exhibitions, 1862 and 1873. 



ENGINE DIVIDER TO THE TRADE. 



GOODS SHIPPED WITH GREATEST CARE. 



Mathematical, Microscopic, Photographic, and Electrical 

Catalogues Post Free. 



W. F. STANLEY, 
GREAT TURNSTILE, HOLBORN, W.C, LONDON. 

Steam Optical Works at South ITorwood. 



T. W. WATSON, 

(©ptitian, 

4, PALL MALL, SSSaL".! 

LONDON. 



MANUFACTURER OF 



MATHEMATICAL SURVEYING, OPIICAL 
AND SCIENTIFIC INSTRUMENTS. 



THEODOLITES. 
LEVELS. 
SEXTANTS. 
PRISMATIC COM- 

PASSES. 
CROSS STAFFS. 
CHAINS and TAPES. 
MATHEMATICAL 



DRAWING 
STRUMENTS. 



IN- 



TELESCOPES. 

FIELD GLASSES. 

SURVEYING and TRA- 
VELLING ANEROID 
BAROMETERS. 

METEOROLOGICAL 
INSTRUMENTS. 

ASTRONOMICAL 
INSTRUMENTS. 
&c., &c. 



MICROSCOPES AND MICROSCOPE 

APPARATUS FOR STUDENTS, AMATEURS, 

AND PROF E ^ "^*^" ' / ^"^^ ^SES. 



